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ROSS B. WYNNE 


Mr. Wynne was born at Princeton, Missouri, June 13, 1891. 
He obtained his education at Northwestern University, grad- 
uating in 1916. In that fall he began teaching science in the Pull- 
man Free School of Manual Training in Chicago. In 1917 he 
enlisted in the A.E.F. and rose from the ranks to be commis- 
sioned as a second lieutenant. After the close of the war he re- 
turned to the Pullman School where he remained until 1926 
when he began his service in the Chicago Public School System 
as teacher of Botany in the Crane Technical High School. In 
February 1928 he became an instructor of Botany in Crane 
Junior College. In September 1934 he was transferred to the 
South Side Junior College. Mr. Wynne died at the Wesley 
Memorial Hospital after an illness of three weeks from leukemia. 
He is survived by his wife and a daughter aged six years. 

Mr. Wynne was an enthusiastic student in his elected field. 
During the decade following the war he continued graduate 
work in the Botany Department of the University of Chicago, 
completing twenty-four majors towards the doctoral degree. 

As a student he was systematic, thorough, and enthusiastic. 
As a teacher he was extremely patient and sympathetic, ever 
ready to serve his students. One of his colleagues writes “In my 
years of association with him he stood out as the epitome of 
honesty, enthusiasm for work in his chosen field, earnestness, 
and conscientiousness.”’ 

He was Secretary of the Central Association of Science and 
Mathematics Teachers, and also was a member of the Botanical 
Society of America, the Ecological Society of America, and the 
Association for the Advancement of Science. He was a thirty- 
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second degree, Scottish Rite Mason and a member of the 
Oriental Consistory of Chicago. 

A host of friends will ever remember his great kindliness, 
ready helpfulness, marked earnestness, absolute conscientious- 
ness, perfect sincerity, and high ideals. Dr. C. E. Colin, a col- 
league in the Department of Biological Sciences of the South 
Side Junior College of Chicago says: 

“Mr. Wynne was above all a modest and kindly man, con- 
scientious in his work—always considerate, and ready to help 
others. In his association with students and faculty his actions 
were consistently those of a gentleman. One always had com- 
plete confidence in his honesty. Next to his love of people was 
his love of botany, and he was looking forward to the time when 
he could devote more of his time to his favorite study. His 
friendly influence will long be missed by those who had the 
privilege of knowing him.” 

Prepared by C. M. Turton 


RETROSPECT AND PROSPECT 


Our President has invited me to write the postcard for this issue. It is 
a pleasure to comply since it gives me the opportunity to give public ex- 
pression to a feeling of gratitude for and appreciation of the loyal coopera- 
tion and support given me during my administration. The success of a 
convention depends not alone on the President and the Board of Directors 
but in a very real sense it is the chairmen of the various committees and 
the workers on these committees who bring events to successful fruition. 

We have now enjoyed four successful conventions in hotels and we are 
looking forward to the fifth in St. Louis. We shall always be indebted to 
the Cleveland group for teaching us the advantages to be gained by hold- 
ing our convention under one roof and in a hotel. On the other hand there 
is always the danger that we shall become too formal. Our committee 
workers are the ones on whom we depend to maintain the standards of the 
Association. We do not always appreciate the time and energy spent by 
the Local Arrangements groups in preparing for a convention. I thought 
I fully appreciated the work of the Indianapolis committees, but now that 
I have been more intimately connected with the Palmer House meeting I 
know that I appreciate their efforts. To mention one example of the large 
amount of detail work necessary, it would be very easy for our annual 
dinner to drift in spirit from the informal and friendly occasion it has al- 
ways been were it not for the efforts of those in charge. I remember with 
pleasure in this regard the fine work of Miss Vivian Ely who so successfully 
put over the dinner at Indianapolis and also the fine work of Mr. and Mrs. 
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Joseph J. Urbancek who planned the Palmer House dinner and introduced 
innovations in keeping with the traditions of our Association. 

The Membership Committee is perhaps our most important committee 
as it gives us promise of ‘continuous life” as an organization and also 
brings the work of the Association to the attention of all science and mathe- 
matics teachers in our area viz., the Central States. The Association is 
deeply indebted to Mrs. Marie Wilcox and all the state committees who 
are cooperating with her in this important phase of our work. 

Our President is to be commended for the means he is taking of keeping 
us informed in regard to what is going on in the Association through the 
medium of the ‘‘Postcard.” We are being individually made to realize that 
it is our Association. It is very important that this should be done and 
many of us are glad that our President has taken the initiative in directing 
this campaign in ‘‘friendly understanding and appreciation.” I bespeak for 
him on the part of the Association the same loyal support that our mem- 
bership has always accorded its officers. 


KATHARINE ULRICH, Past President. 





INAUDIBLE ‘‘SUPERSONIC” SOUNDS USED 
IN TESTING STEEL SAMPLES 


Sound waves, vibrating so rapidly that they are far above the range of 
human hearing, are now being used in a method for testing samples of 
steel and other metals for flaws. 

They belong to the class of vibrations known as supersonics, and are pro- 
duced from electrically excited quartz crystals. Their rates of vibration 
can run into scores of thousands, or even hundreds of thousands, of cycles 
per second. Human hearing stops at about 20,000 cycles per second. 

In testing metals, the sample is ground flat on both ends. One end is set 
against a supersonic crystal, the other against a tiny dish of oil. The vibra- 
tions are transmitted through the metal to the oil, and throw its surface 
into a net work of minute waves. 

A beam of light is projected through the oil. Striking the minute waves, 
it is broken up into a rainbow pattern, which can be observed on a white 
screen laid beneath the dish. If the metal sample is uniform in structure 
throughout, the pattern is steady and even, but if there is a flaw present 
the pattern is thrown into disorder. 





WORLD ASTRONOMERS TO VISIT HARVARD 
AS FEATURE OF TERCENTENARY 


Harvard will attract astronomers from all over the world this summer as 
the result of the Harvard summer school of astronomy, Harvard’s tercen- 
tenary celebration, and a meeting of the American Astronomical Society. 
During July, August, and September visiting lecturers will include: Sir 
Arthur Eddington, Dr. Henry N. Russell of Princeton, Dr. Megh nad 
Saha of Allahabad, India, Dr. Antonie Pannekoek of Amsterdam, Dr. 
Knut Lundmark of Sweden, Dr. Frank Schlesinger of Yale, Dr. Paul W. 
Merrill of Mount Wilson Observatory, Dr. Peter van de Kamp of the 
University of Virginia, and Dr. Alfred C. Lane of Tufts College. 








A PUPIL OPERATOR SERVICE FOR PROJECTION 
OF VISUAL AIDS 
By WALTER W. BENNETT AND 
Lewis S. EDGARTON 
Charlotte High School, Rochester, New York 


The use of projection machines has long been an accepted 
feature of science instruction in our city school system. With 
Mr. Harry A. Carpenter, Specialist in Science, acting as a city 
supervisor of science in Rochester, most of our science rooms in 
secondary schools have been equipped with lanterns, shades and 
screens at the outset. Our science teachers have always made 
more or less use of these facilities and after experimentation by 





Using visual aids in a biology class at Charlotte High School, Rochester, 
New York. Projection by a trained pupil operator. 


the Eastman Teaching Films, Inc., with the use of classroom 
motion pictures in 1928 many of our city schools were equipped 
with projectors for use of teaching films in addition to still pic- 
tures. This increased the use of projected visual aids in all such 
schools, and brought about the institution of a library of films 
and slides established by our Board of Education for equalized 
city distribution. 
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Along with progressive movements in education, other de- 
partments beyond science began the use of lantern slides and 
motion pictures. Quite logically in most schools, the responsi- 
bility, for care, operation, and upkeep of projection equipment 
fell to the lot of the science department. With such increased 
use of projection machines, damages to equipment and needed 
repairs became more extensive. The newer classroom film pro- 
jectors became more mechanically complex, and at the same 
time these machines were more widely used by teachers who 
had little mechanical aptitude. 

At Charlotte High School, in 1933, we discovered a means to 
relieve the science teachers of the burdens, incident to proper 
care of equipment, as well as to facilitate the use, by other 
teachers in the school, of this equipment for their classes. We 
already had two or three boys who helped about the science lab- 
oratories as assistants, and who could operate and repair our 
projection machines as readily as the science teachers could. 
They formed the nucleus of what has now come to be a service 
unit of trained pupil-operators for projected visual aids within 
the school. 

AN AID TO CLASSROOM VISUAL METHODS 


The proper function of any projected visual material in class 
instruction is best fulfilled when certain subtle features of tech- 
nique can prevail. When the teacher’s attention can be released 
from the mechanical features of projection, it can be directed 
wholly toward the methods of visual instruction. This freedom 
enables her to observe to what extent pupils apparently under- 
stand the picture and when necessary, to be ready with a 
pointed comment to re-direct wandering attention. It permits 
the teacher to observe contemporaneous reaction of pupils to 
the picture. 

Preparedness for the use of classroom visual aids overcomes 
the artificial and theatrical atmosphere so detrimental to the 
best learning situations with projected material. Such economy 
of teacher’s time as might otherwise be diverted to the mechanics 
of projection, saves more precious minutes for class instruction. 
Delays which frequently accompany a misunderstanding on 
the part of the teacher of the projection mechanism are serious 
educational losses in a classroom of forty pupils. 

The use of a film or even a single slide without a pre-view by 
the teacher is poor planning and will result in an ineffective pres- 
entation. In practice, however, it is often difficult for a teacher 








358 SCHOOL SCIENCE AND MATHEMATICS 


to find time both to pre-view the film and to manage the set-up 
and operation of the projector. 

Our present Visual Aid Corps of pupil operators at Charlotte 
overcomes or minimizes the difficulties named, through the use 
of trained projectionists, who care for all mechanical features. 
While a teacher is still free to undertake the use of projection 
facilities quite independently, with a few exceptions in the case 
of some science instructors themselves, our teachers all prefer 
to use this service corps. 

Pupils are selected from science and guidance classes who show 
some mechanical aptitude to train for becoming licensed oper- 





A senior operator who regularly oils and inspects the machines every 
8,000 ft. of film. 


ators within the school. At the beginning of the school year, an 
afterschool training class is instructed by one of the faculty ad- 
visers for about five lessons. In addition, senior pupils of the 
corps, by aid of our printed manuals of operation technique, in- 
struct applicants subsequently at appointed hours after school. 
After watching demonstrations by instructors a student studies 
the projection machines and the manual while he practices the 
technique described, until he is ready for an examination. He 
takes his demonstration test and must then pass a written ex- 
amination on operation and on the function of the corps to sat- 
isfy the faculty advisers as to his fitness to be an operator. If he 
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qualifies, he is issued a printed license to operate the projection 
machines of the school. 


VISUAL METHODS FACILITATED FOR CLASSROOM TEACHER 


Girls as well as boys have qualified; our present unit consists 
of 25 pupils. The girls are most frequently used as monitors in 
the Visual Aid Headquarters—a room assigned for this service. 
At this center a pupil is on duty at all times to act as a librarian 
of catalogs and source information, as well as a traffic-manager 
for assignments of machines, operators, and darkenable rooms 
to teachers who call in, or send advance requests for accom- 





At Visual Aid Headquarters, a pupil monitor schedules rooms, machine, 
and operators as needed within the building. 


modations. This room is itself darkenable for a teacher’s pre- 
view of aids she plans to use (the monitor serving as operator 
for such purposes), and is equipped as a repair and supply room 
for mending film, slides, and machines. A tool and storage cab- 
inet provides a variety of electrical connections as required for 
the machines on location in variously equipped classrooms. 
Surrounded by files of catalogs, slides and films on hand, 
teaching guides to accompany the use of various aids, charts of 
pupil operators available from study hall each period, and chart 
of rooms equipped for projection work available by periods, the 
monitor on duty receives a visit from a teacher interested in il- 
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lustrating a particular topic of study. The monitor provides cat- 
alog descriptions of films and slides obtainable either from city 
headquarters or other sources, shows slides from the school’s own 
files, pertinent to the topic for study, and describes the possi- 
bilities of opaque projection from photographs, books, and 
charts on the topic. 

Eventually the teacher’s order-form for such aids is filled out, 
and the time for class showing is scheduled with the monitor on 
duty. The pupil-monitor then assigns a machine, operator, and 
equipped room (the regular classroom preferred when possible) 
for the scheduled period. An assignment notice is filled out for an 
operator. A confirming notice to the teacher involved is written 
and the master schedule in headquarters is filled out showing 
the arrangements made. At the end of the day the telephone 
clerk in the school office is given these forms to order all those 
aids requested from the city film library by phone. The office 
writes letters to commercial firms for loaned or rented aids. 
Notices to operators and teachers involved in an assignment 
are “mailed out,’’ at teacher mail-boxes in the school office 
by the corps secretary. 

The films or slides are delivered from the distributor as or- 
dered. The assigned operator appears with the class which is to 
use such aids when the class period begins. While class work be- 
gins, the operator quietly sets up the machine and connections, 
darkens the room, even checks for ample ventilation in such 
tightly-curtained rooms by attention to janitor-controlled uni- 
vents in each room and nods to the class teacher his readiness 
for projection. Meanwhile the teacher has been preparing the 
class for learning with the particular aid to be used. 

At the conclusion of the projection the room is re-conditioned 
by the operator; all mechanical devices are returned to the 
Visual Aid Headquarters, and the class continues under full at- 
tention of the teacher with the remainder of the lesson for the 
day. 

AUDITORIUM PROGRAMS PROVIDED 

Assembly programs which call for mass-singing from the 
screen, motion-picture subjects, and other projection facilities 
are similarly arranged for in advance by this Visual Aid Corps. 
In our fully-equipped auditorium projection booth, a crew of 
two operators and a girl-secretary is accompanied by a faculty 
adviser during all asssembly programs or school theatricals in the 
evenings. The girl-secretary maintains telephone connections 
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with the stage-manager during a performance, follows the script 
for spotlight cues in plays, etc., and provides continuity ar- 
rangements she makes in advance of the performance during her 
duty as a monitor at Visual Aid Center on the day preceding. 
In addition to obvious advantages, certain indirect benefits 
are derived. Oftentimes a pupil can be taught and drilled in op- 
eration of a projector more satisfactorily than a fellow teacher 
who may be pressed for time or impatient with details. We have 
fewer damages to machines and equipment, greater concentra- 
tion of responsibility, closer adaptability to finesse of operation 
and even readier, quicker action on repairs like the splicing of a 





Pupil operators and continuity clerk at their posts in auditorium pro- 
jection booth during a performance in Charlotte High School. 


broken film or the replacement from supply-cabinet of burned 
out bulbs in the machines. During such unavoidable, natural de- 
lays in projection, the teacher’s time is available for incidental 
review and instruction with the class. 


EDUCATIONAL VALUES TO PUPIL OPERATORS 


Even within the group we have our specialists. Some pupils 
are natural mechanics and find ample use for applications of 
their study of light and lenses from physics. Some of these me- 
chanical wizards have spliced a broken film, re-threaded and be- 
gun projection of it again before a class in less than two minutes 
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from the time of its breaking. Others gain experience in a small 
way of office-routine and courteous salesmanship in making 
plans with other persons. This correlates the aims of commer- 
cial and guidance courses. Still others who serve on the assem- 
bly programs get some stage experience, and even drill in writ- 
ten English since continuity script for plays must frequently be 
written with concise directions for booth-projectionists in the 
use of spot and flood-lights. 

As a concomitant enterprise the school has a camera club 
with a headquarters in the school’s fully equipped photographic 
dark-room. One of the faculty members is adviser to both the 
Visual Aid Corps and the Camera Club. Consequently, lantern 
slides for assembly singing, student campaigns, slogans, descrip- 
tive photographs, as well as classroom lesson material, are pre- 
pared in the dark-room. Such slides are bound up, indexed, and 
filed by the monitors of Visual Aid Corps, for use as designated. 
Campaign pictures of local significance have thus been photo- 
graphed, developed on slides, and projected in assembly pro- 
grams in less than 24 hours. 

By means of these dark-room facilities, the school has grad- 
ually collected files of lantern slides of permanent significance 
for instructional and auditorium purposes. 

As a result of the successful functioning of this unit in connec- 
tion with visual aids another responsibility has been assigned to 
this corps. 

The school is equipped with permanently installed radio re- 
ceiving sets and occasional radio broadcasts are used as lesson 
material by teachers within a class period. Because the Visual 
Aid Corps had a traffic-manager set-up for scheduling rooms 
and a number of mechanically-skilled pupils, it was logical that 
they take over the school radio sets and operate them as re- 
quired. 

A pupil-activity group known as the Radio Club is coordi- 
nated with the Visual Aid Corps and provides prospective radio- 
operators for radio lessons scheduled by the Visual Aid Head- 
quarters. This new function, only recently taken over, offers 
similar benefits by way of relieving the class teacher, securing 
better mechanical operation and centralizing responsibility for 
care and upkeep of radio sets. 

In these many ways therefore, pupils serve the school thru 
this organization and themselves gain valuable training in very 
real situations that demand responsibility, initiative, ingenuity. 
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Such a pupil service unit with all its benefits does not come into 
being over night. The training of the pupil element is of course 
the greatest single factor of the plan and while this undertaking 
is wholly practicable under proper guidance, it can easily be- 
come a boomerang resulting from damaged equipment and de- 
layed routine. For these reasons we have evolved a carefully- 
planned manual of technique—a textbook for the learner and 
the faculty adviser. 

With the greatly increased use of the radio and projected vis- 
ual aids in modern education many difficulties of administration 
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Chart showing relationships of the Visual Aid Corps to other groups 
whereby it becomes a correlated extra-curricular activity. 


and manipulation are inevitable. Some state education depart- 
ments have already begun to require examination of prospec- 
tive teachers in classroom projection technique for certification 
of the teacher. But for the teacher in service as well as for the 
prospective teacher, such a pupil organization as ours can save 
much time and become a correlated extra-curricular activity en- 
suring a successful visual aid program within a school. 








AN INEXPENSIVE ELECTRICAL CON.- 
DUCTIVITY APPARATUS 


By WALDEMAR S. MCGUIRE AND SAVERIO ZUFFANTI 
Northeastern University, Boston, Massachusetts 


For the teaching of the behavior of electrolytes, an electrical 
conductivity apparatus of some type is very desirable. The 
equipment which we have found most successful, both for 
laboratory and demonstration purposes, is shown in the ac- 
companying drawings. The set-up is inexpensive, easily and 
quickly constructed, and may be used for various experiments. 
Using a ten or fifteen watt clear lamp the student can easily 
distinguish not only between electrolytes and non-electrolytes 
but also among electrolytes of different strengths. 

















DRAWING A 





™N 
CONDUCTIVITY APPARATUS 


Reference to Drawing A shows two sets of electrodes: the 
upper electrodes (a) consisting of number 14 copper wire are 
used for testing the conductivity of solids such as rock salt, 
caustic soda, caustic potash, ‘and tartaric acid; the lower elec- 
trodes (b) consisting of platinum wire are designed to test the 
conductivity of solutions. 

The stand is very simple in construction. It is made of {” 
oak wood, braced by two slabs of }” oak, one in front and one 
in the rear. Two applications of spar or bakelite varnish produce 
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a very pleasing and durable finish. The source of current used 
is 110 volt A.C. or D.C.; either one produces satisfactory re- 
sults. 

To save unnecessary expense and to make the electrodes more 
rigid, they were constructed in the following manner (Drawing 
B). A one-inch piece of platinum wire was sealed into one end 
of a four-inch piece of 7 mm. glass tubing. After it had cooled, 
the glass tubing was filled with two cubic centimeters of dry 
mercury, and a six-inch piece of number 14 copper wire was in- 
serted which reached below the surface of the mercury. The 
glass was then sealed about the copper wire, thereby closing the 
tube and preventing spilling or contamination of the mercury. 














ORAWING 68 
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PLATINUM ELECTRODES 


The lower electrodes are held firmly by a number 9 two-hole 
rubber stopper which has been cut as shown in the drawings. 
This stopper is fastened to the wooden stand by the use of a 
bolt. 

To prevent the bottom of the beaker from coming in con- 
tact with the electrodes and to eliminate excessive and un- 
necessary bending of the platinum wire, the electrodes are 
coiled in small spirals and a deep beaker is used as the con- 
tainer for the test solutions. 
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Neutralization can be very successfully and effectively dem- 
onstrated with this equipment if a 60-watt lamp is substituted 
for the 10 or 15-watt lamp. The platinum electrodes are im- 
mersed in a barium hydroxide solution, which is titrated with a 
weak sulfuric acid solution. The lamp, which glows brightly at 
the beginning, gradually becomes dimmer and finally ceases 
to glow when neutralization is complete. On over-stepping the 
end-point the lamp again lights up and glows brilliantly. This 
experiment serves to illustrate also precipitation and ionization. 

The approximate cost of the materials used is listed in the 
following table: 





Ca Reiko ssh pene wigs Tere eer ere $0.20 
Ge a is gal ba ed Bea ea ese s “s 15 
EE OT TO TET T ET TTT .30 
Wood...... re ere en eer 15 
AS ont 5G ORT Rare dees ks 30 
6a so GRA eb GAMERA 4 kee“ .25 

$1.35 


It is evident that at very little cost a number of these units 
can be built to meet the requirements of large laboratory classes. 
The time consumed in construction is approximately two hours 
for each unit. 





U. S. EDUCATIONAL DIRECTORY FOR 
1936 OFF THE PRESS 


County and State public school officers throughout the United States 
are named in Part I of the 1936 Educational Directory, a publication of 
the Office of Education, U. S. Department of the Interior, just off the 
Government printing press. 

Published in record time this year, the five-cent bulletin lists names and 
addresses of more than 1,000 State school officers and approximately 3,500 
county and township public school administrators in the several states. 

The U. S. Educational Directory, compiled each year by the Federal 
Office of Education, is used widely by business houses and agencies dealing 
with schools and school people. It serves as a useful reference guide in 
school and other libraries. The Directory is always much in demand, being 
the most complete guide to America’s public school officers published 
throughout the country. 

The four parts making up this year’s complete 1936 Educational Direc- 
tory, which are available from the Superintendent of Documents, Govern- 
ment Printing Office, Washington, D. C., are: 

Part I, State and County School Officers, 5¢ 

Part II, City School Officers, 5¢ 

Part III, Colleges and Universities, 5¢ 

Part IV, Educational Associations and Directories, 5¢ 








SHORTENED MULTIPLICATION AND DIVISION 


By H. R. GRUMMANN 
Washington University, St. Louis, Missouri 


More than twenty years ago I learned from Dr. L. B. Tucker- 
mann, then a professor of physics at the University of Ne- 
braska (now, connected with the Division of Engineering 
Physics of the U. S. Bureau of Standards) the algorithms for 
multiplication and division here presented to readers of SCHOOL 
SCIENCE AND MATHEMATICS. In these twenty odd years I have 
never met anyone except Dr. Tuckermann’s former students 
who used his system, nor have I run across any other method 
of multiplication or division which, in my opinion, is nearly as 
good. For reasons that will emerge in the course of this paper I 
now feel quite strongly,—not only that college students (es- 
pecially technical students) should know these methods, but 
that mathematics teachers should present them to the high 
school students or perhaps even to grade school students. 

First of all, a few definitions: 

The digits are 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. 

A decimal fraction is any number written in the decimal nota- 
tion—the familiar notation according to which the position of a 
digit in a given number with respect to the decimal point indi- 
cates the power of 10 by which the digit is tacitly assumed to be 
multiplied. 

In a decimal fraction, the digit farthest to the left which ts 
not zero, together with all the digits to the right of it, constitute 
the significant figures. For instance, 12.34, .001234 are decimal 
fractions, each with four significant figures. The decimal frac- 
tion .012300 has five significant figures. 

The scientific way of writing a decimal fraction is to express it 
as the product of two factors—one a decimal fraction between 
1 and 10, the other factor consisting of 10 with an integral ex- 
ponent. Thus 

12.34=1.234 K10' =1.234“ 
.001234=1.234 K10*=1.234' 
.012300 = 1.2300 X10-* =1.2300\* 


The extremely compact and useful notation indicated in the 
third column of the above examples is also original, so far as I 
know, with Dr. Tuckermann, and surely deserves to become 
more widespread among people who have to do arithmetic. 
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The reason for stressing the “‘scientific method of writing a 
decimal fraction”’ here, is that before multiplying or dividing 
two decimal fractions by the shortened methods, one first al- 
ways expresses both factors in the scientific way. This is be- 
cause the algorithms for shortened multiplication and division 
give only the significant figures of the product or quotient and a 
rule for “pointing off’ the answer is not an integral part of them 
at all. This will be made clearer in the sequence. Here, I would 
like to express the opinion that the best way to multiply or 
divide two factors by logarithms, is to first express each (either 
explicitly or mentally) in the “‘scientific way.”’ The exponent of 
ten is then the characteristic of the logarithm of the factor.! 

A decimal fraction with n significant figures is said to be cor- 
rect as given when its maximum possible uncertainty is 5 in the 
(n+1)st significant figure. For instance, if the decimal fraction 
12.35 is “rounded off” to three significant figures we get 12.3, 
or (according to the ‘““American Computers’ Rule’’) 12.4. The 
American Computers’ Rule simply says to write down or use 
the even digit, where there is a choice. Anyhow, it is clear that 
12.4 considered as the representative of 12.35 has an uncer- 
tainty of 5 in the “‘place” of the (3+1)st significant figure. 

When reporting or recording the result of a simple measure- 
ment or calculation as a decimal fraction, it is as a rule desirable 
to write the decimal fraction ‘“‘correct as given.’”’ The word 
“simple” in this statement is, however, of importance because 
if the calculation is too complicated to warrant a complete in- 
vestigation of the propagation of computational error in it, 
it may be advisable to record all the figures (digits) that appear 
on the dials of the calculating machine, especially in the inter- 
mediate steps of the calculation, and not to round off the par- 
tial results until they are “correct as given” as this phrase is 
here defined. I have had young engineering graduates assisting 
me with statistical calculations who had been well trained to 
record all measurements and calculations by means of decimal 
fractions correct as given, whose altogether too ruthless applica- 
tion of this precept at the various intermediate steps of a fre- 
quency curve calculation had to be considerably curbed before 
the final result of the calculation could be said to be char- 
acterized by errors of calculation negligible in comparison with 


! A logarithm table is then regarded as a table of only those exponents of ten which will give num- 
bers between 1 and 10, with—unfortunately for the teacher who is introducing students to a log table— 
all the decimal points left out, both in the arguments to the table'and in the tabulated exponents. 
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the uncertainties of the data. It is precisely this type of calcula- 
tion best made with a modern multiplying machine which I do 
not want to discuss in this paper. My sole purpose was to ex- 
plain the word “‘simple”’ in the first sentence of this paragraph. 

For the purposes of this paper, one may use the words error 
and uncertainty interchangeably. Let us distinguish between 
absolute or numerical error and relative error. If 12.4 is correct 
as given, its maximum possible absolute error is .05. Its maxi- 


= 


, . _ ; : , 
mum possible relative error is 12.4 and its maximum possible 


am. 


percentage error, of course, is 100 times its maximum possible 
relative error. As we are here concerned exclusively with 
“accidental”’ errors, which means errors with unknown alge- 
braic sign (as distinguished from “consistent”? errors, whose 
signs, by definition, are known) we are principally interested in 
the largest absolute value that the error may have, and hence 
we speak of the “maximum possible” relative error or the 
“maximum possible” numerical error. In this spirit the following 
useful theorem deriving immediately from our definition of the 
phase “correct as given” may be stated: The maximum possible 
relative error of a decimal fraction with m significant figures 
which is correct as given is 5X10-" or 5‘-". Suppose, for ex- 
ample, that »=3. The (max. poss.) numerical error of the num- 
ber 100 is .5 and the corresponding relative error is .005=5\~*. 
Of course the largest three significant figure number is 999, 
which if correct as given also has a (max. poss.) numerical 
error of .5 and a corresponding relative error only one tenth as 
great as in the first instance. It will be noted, however, that the 
theorem is a general statement about any decimal fraction with 
n significant figures. 

In addition to the above definitions it is necessary to preface 
the algorithms for shortened multiplication and division by two 
well known theorems: (1) The maximum possible numerical 
error of the sum or difference of two numbers is equal in ab- 
solute value to the sum of the absolute values of the maximum 
possible numerical values of the two terms. (2) The maximum 
possible relative error of the product or quotient of two num- 
bers is equal in absolute value to the sum of the absolute values 
of the maximum possible relative errors of the factors. Now 
both of these theorems are invariably implied, if not explicitly 
stated, in assigned problems in any calculus course, as soon as 
the notion of the differential of a function of two independent 
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variables is reached. But—and this is the most important 
pedagogical point of this paper—this is in my opinion, too late 
in the training of the technical student for the theorems to have 
the effect that they ought to have on his habits of multiplication 
and division. Consequently it is up to the high school teachers or 
perhaps even to the grade school teachers to enunciate and fre- 
quently exemplify these theorems, if not actually to prove them. 
This can of course be done with some very elementary algebra. 
For instance the second theorem as pertaining to division: we 
wish to divide a number a by a second number Db. Let Aa be the 
maximum possible numerical error of a. Similarly, Ad. Now 
a and 6 are not known. In reality we have a decimal fraction 
(a+Aqa) and another decimal fraction (b+Ab). Also let 6a =Aa/a 
be the maximum possible relative error of a. Similarly, 56 
=Ab/b. Then 











Aa 
a+Aa a a 1+é6a a 
b+Ab Abd 1+8b dD 
Also, by ordinary long division 
1+6a— 6b 
1+6b|1+50 
1485 
a} b08b 
= 6b— badd 
— 6b— (6d)? 
(8b)? 6adb 
we find that the quotient of our two decimal fractions is not 
a/b, but 
a 5b(5b — 5a) 


or, approximately, 


a 
—[1+4a— 6d] 
b 
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if a and 6) are small compared to unity. But if 6a and 6b have 
unknown signs (accidental errors) the most erroneous answers 
to the division problem would be a/b[1+|6a|+]6d|] this 
being the answer we would get if 5a were actually positive and 
5b negative. This of course proves the theorem since a/b is the 
true quotient of the two numbers a and b, whose exact values 
are unknown and a/b[1+]/éa|+]6d|] is, approximately, 
(neglecting terms of higher orders, as the mathematicians say) 
the quotient of the two decimal fraction representatives of a 
and b; namely, (a+Aa) and (6+Abd) respectively, at least in the 
most unfavorable case, which to be conservative, we assume is 
the general one. In other words, the maximum possible relative 
error of the quotient is | 5a| +| 66]. Similar proofs may be made 
for the first theorem and for the multiplicative part of the 
second theorem even more easily. 

Without an appreciation of these two theorems, the student 
will lack a motive for learning shortened multiplication and 
division, which are nothing but methods of obtaining the same 
number of significant figures in a product or quotient that obtain 
in the factors to be multiplied or divided. For instance, if we have 
two decimal fractions, both correct as given but one has three 
significant figures and the other four, the maximum possible 
relative error of either their product or their quotient will be 
5\*+5\+*=.0055 and since this is larger than the maximum 
possible relative error of a three figure decimal fraction which 
is correct as given, viz., 5\~* there is no use for any algorithm of 
multiplication or division which secures more than the first 
three significant figures in the product or quotient. Hence be- 
fore starting to get the first three significant figures of the answer 
by the shortened methods, we “round off”’ the second factor to 
three significant figures. First example: 


.003256 XK 12.47 = 3.256 & 1.247"! 

3256 

7421 

3256 

650 

128 

21 

4055 


In obtaining the first four significant figures in the product, the 
multiplier is written down backwards under the multiplicand. 
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Each digit in the multiplier multiplies only those digits of the 
multiplicand which are above and to the left of it. And the 
partial products are not staggered as they are in the more usual 
algorithm for multiplication. It is just as easy and slightly more 
accurate to also use a small refinement of this procedure which, 
for instance, would replace the second partial product of 650 
by 651. To get this partial product one takes two times 325. 
But we may regard the 325 as 325.6 and multiply the .6 by 2 
carrying (‘‘mentally’’) 1 and adding it to 650. Similarly, the 
third partial product above is 4 times 32 or 128, but 4 times .5 
is 2 which should be added to the 128. Thus improved, the busi- 
ness of obtaining the first four significant figures of the product 
has the following appearance: 

3256 

7421 

3256 

651 

130 

22 

4059 


It probably will be found that speed and accuracy are improved 
by putting a stroke through each of the digits of the multipli- 
cand as soon as it is used. Personally, I always do this. The suc- 
cessive appearances of the above calculation after each partial 
product is obtained would thus be as follows: 

3256 3236 3286 3226 

7421 7421 7421 7421 

3256 3256 ©3256 ©3256 

651 651 651 

130 130 

22 

4059 





The answer is 4.059\~*. It is “pointed off’? by common sense, 

that is by a knowledge of multiplication table (up to the table 
of tens only!) and by the first law of exponents. It is surprising 
how few university students seem to realize that a knowledge 
of the principle 10°10°=10++? is all that is necessary to ob- 
viate the necessity for the rest of their lives of scratching the 
head and using gray matter in order to point off the answer to 
a multiplication problem involving two decimal fractions. In 
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fact, in ten years of teaching I have never met one whose 
arithmetical behavior implied consciousness of any connection 
between the laws of exponents and the decimal notation. It 
will not escape the reader that the principal reason for first 
expressing each of the factors of the multiplication problem 
in the scientific way is to really put the first rule of exponents to 
work for us. 


Second Example: 


In the first example, the product of the two factors each be- 
tween 1 and 10 was itself a number between 1 and 10. The only 
other case is that in which the product of the corresponding 
two factors is greater than 10 (but less than 100, of course). 


056789 X 456.7\°= 6.789\—* & 4.567 \7 
6789 
7654 
27156 
3394 
407 
47 


3100 





here we add the last column mentally only, since only four 
significant figures in the product are desired. The answer is 
31.00\' or 310.0 or, preferably, 3.100. 


Third Example: 

647.9 6.4792 
002835 2.8353 

2286 

2835 |6479 

5670 

809 

567 

242 

226 

“16 


17 








This is very much like ordinary division, the only difference 
being that each time one has an impulse to add a zero to the 
dividend and then drop it down like a bomb on one of the un- 
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warned and helpless remainders, he merely resists the impulse 
and strokes off a digit from the divisor. Thus the appearance of 
the above calculation after the successive steps in it are com- 
pleted is as follows: 


(a) (b) (c) (d) 

2 22 228 2286 
283816479 282316479 282516479 2831/6479 
5670 5670 5670 ~~ ~+5670 

809 809 809 809 
567 567 567 

242 242 242 

226 226 

16 16 


17 
Note that the refinement explained in Example 1 is used here 
also. For instance, in step (c), 8 times 28 is 224 but 8 times .3 
is 2.4 so that a correction of two is added mentally to the 224 
giving 226. Also in the last step, 6 is more accurate than 5 for 
the last digit of the quotient. 

The quotient is 2.286\°, using the second law of exponents 
10° 
10° 
by 2.8 must be 2.2 and could not for instance be 22. 





= 10*-* plus the commonsense observation that 6.4 divided 


Fourth Example: 


This will illustrate the second case of division, in which the 
divisor factor between 1 and 10, is greater than the correspond- 
ing dividend factor 

24.68 2.468”! 
5709.  5.709'8 
4324 
5709 | 2468 
2284 
~ 184 
171 
13 
11 


—e 
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Here the first step cannot be taken until the last digit—the 
nine—is crossed off of the divisor. The division of the penulti- 
mate remainder of 2 is by the crossed out 5, that is to say 
by .5, giving 4 for the last digit of the quotient. The answer is 
4324\-? = 4.324. 

These four examples are all 4 significant figure examples, 
but the essence of the algorithms is obtaining the same number 
of significant figures in the product or quotient that we have 
in both factors. After a very little practice, multiplication or 
division to two significant figures is almost as rapid as multi- 
plication or division with a ten inch slide rule and, in the long 
run, probably as accurate.” 

The student will have to be warned that shortened multi- 
plication and division are not methods of obtaining inaccurate 
answers in the sense of slipshod answers. Rather they are 
methods of getting a product or quotient to a sufficient and 
previously determined number of significant figures. For in- 
stance, the product of 1234 by 2345 is a number with seven 
significant figures. But if for some reason one only wants the 
first five and can tolerate a little uncertainty in the last, the 
job of obtaining them would look like this 


23450 
04321 
23450 
4690 
704 
94 
28938 


For a number of years the writer has attempted to teach 
shortened multiplication and division to freshmen engineers— 
incidentally in the freshman algebra and trigonometry courses. 
In times of stress, however, such as on the occasion of tests and 
examinations, his students generally revert to methods, which 
to judge by the appearances of their papers, are certainly more 
primitive. Therefore, in desperation, he is appealing to their 
high school teachers to consider the advisability of introducing 
the shortened methods when the young minds are in a more 
nearly meristem condition. 








2 When students first learn to multiply and divide with the slide rule, they should, in my opinion, 
be taught to use the first two rules of exponents to point off the answers, always first expressing each 
factor (explicitly at first, and later mentally) in the “scientific way.” 








TREE STUDY THE YEAR ’ROUND 


By ALICE KoFAL 
Bright Elementary School, Chicago, Illinois 


Spring came to the kindergarten in tightly clutched fistfuls 
of pussy willows. They were put in water and it became a daily 
observation habit to note what had happened to the pussy 
willows. 

The bud-caps dropped off and furry pussies appeared. The 
pussies grew in length and soon pollen dust was scattered 
around the vase that held the twigs. Little leaves began to 
develop and roots were formed. Such sprouted twigs could be 
planted out of doors if a marshy spot suitable for growth was 
available. 

Arbor Day gave the opportunity for planting in the school 
yard a tree which had been purchased already rooted. Careful 
directions on “How to Plant a Tree”’ were followed. Individual 
trips to see how the tree was thriving brought from time to 
time a budget of information on tree growth. 

By this time the group began taking its spring walks, enjoy- 
ing the fresh air and noticing the tiny leaf buds opening up. A 
small lilac spray taken back to the kindergarten was closely 
watched as the leaves unfolded. 

Out of doors the kindergarten found the sidewalks littered 
with small sticky caps split open and lying under poplar trees. 
These were brought back and talks ensued about how the deli- 
cate little buds were protected from the cold winds of winter 
by these little caps (bud scales). The warmth of the sun had 
split them open and they had fallen to the ground. 

When the leaves of the trees were still very young so that 
the branches of the tree might still be seen, many walks through 
tree-lined streets were taken. Then the world seemed like a 
fairy land. 

For contrast sometimes we took a walk through a street with 
no trees. The beginning of an appreciation of the beauty that 
trees bring to the world was apparent in the children’s observa- 
tions on the difference between the two streets. 

Later trees in blossom were visited such as peach, cherry, 
and apple trees. Small sprays were brought back (with the 
owner’s consent) and the daily changes were studied at close 
range. The fact that fruit develops from the blossom was 
brought out. 
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Quite early in the season we observed that the streets on 
which poplar trees are planted were carpeted with red catkins, 
which are the blossoms of the poplar tree. 

The question was asked if all trees have blossoms. This neces- 
sitated walks for the specific purpose of noticing the blossoms 
on trees—the inconspicuous green ones of the hard maple, the 
creamy-green horse-chestnut flowers and later about June first 
the more noticeable red blossoms of the ailanthus. The first 
early available tree to see is probably the cottonwood, which 
sends its feathery little seeds (float-aways) through the air until 
it looks as if there were a snow storm. 

On these walks through the neighborhood and school yard a 
point is made to visit trees of marked differences, e.g., Lom- 
bardy poplars, with their upturned branches, the green-needled 
evergreens, nut trees if available (preferably those inhabited by 
squirrels) and dense shade trees. Other trees of marked differ- 
ence are the narrow-leafed willows, the big-leafed catalpas and 
the dainty honey locust. 

In the fall we again visited the trees. We selected “OUR” 
tree and would sit under the shade of the tree to tell stories or 
to play games. 

The apple tree of the spring was revisited and we saw the 
changes which the summer had made—little red apples where 
the red and white blossoms had been before. The owner of the 
tree gave us some apples to take back with us to be shared by 
the group. When we cut them so that everyone could have a 
piece, we saw the little brown seeds “stowed away”’ in their 
centers. Our talk brought out the purpose back of seed-bearing 
fruits, namely to distribute the seeds in far places. We also 
opened some thorn apples which I had brought to school as a 
surprise and looked at their huge seeds. 

Once on our way back from a “‘tree visit’’ we walked through 
a prairie which was filled with burrs. As anticipated some of 
them were brought back on the children’s clothing and more 
“stowaways” were found. A suitable panel of cloth was hung on 
the wall and the stowaways all stowed away there. 

On other trips we brought back the “‘cigars’’ of the catalpa 
enclosing their ‘‘blow away seeds.’’ Maple seeds which volplane 
through the air and therefore are blow-a-ways were also gath- 
ered. From the woods, I had brought in a spray of witch hazel 
which could “pop-a-way” at will. Milkweed pods crammed 
with downy-winged seeds (float-aways) were popped open. The 
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seeds blown about by the children in the school-yard provided 
fun and exercise as well as a nature study lesson. 

We were fortunate in having a butternut tree in the neigh- 
borhood as well as some oaks, so we gathered their nuts—seeds 
in another form—cracked a few and stored the rest away for the 
winter as the squirrels do. 

Much later in the season we visited the evergreens whose 
green needles were laden with snow and still later other trees 
stripped of all their leaves but beautiful in the frozen splendor 
of their ice-covered branches. 

I decided I would find out how much interest in leaves would 
be stimulated by the use of the paint gun. Just when the leaves 
had begun to fall, before the children had brought any to the 
kindergarten, I brought in many beautiful ones of varied shapes 
which I had gathered in the woods. A Celotex panel 48’’ X48” 
covered with newspaper was placed against the blackboard. 
Close by was a table with three paint guns, boxes of calsomine 
paint—yellow, orange, red, brown, and green, a pitcher of water, 
a jar of brushes, sticks for stirring, many empty mayonnaise 
jars and a block of Manila paper. 

I mixed some colors (orange and red) in the jars, poured it 
in the gun and started spraying the paper and leaf which I had 
previously pinned on the board. The children were immediately 
interested and a large group formed around me to watch as I 
sprayed. Then when I had finished, the children clamored, 
“Let me do it.’’ Even very timid children became less self- 
conscious. One child, whose voice I had never heard, came up 
to me and asked if she might do it. ‘‘These are leaves which I 
have brought,”’ I said, ‘and I made their pictures. If you wish 
to make pictures you may bring in some leaves and use any of 
these things to do it.”’ 

This may seem a selfish and heartless answer, not at all in 
accord with the kindergarten principle of joyful sharing, but I 
had a very definite purpose in thus adding a stimulus which 
would cause them to begin their own collections. 

The group of children with whom I was associated did not 
bring many things to the kindergarten. They hadn’t much in a 
material way and greatly valued the tiniest commercial object. 
I was trying to create an appreciation of things which ‘do not 
cost money’’—things close at hand of which they may freely 
avail themselves. 

That very day the children trooped in eagerly from recess 
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with hands full of leaves which they had picked up in the play- 
ground. Some brought in leaves from the “pretty tree across 
the street”’ (honey locust). This incident brought up the point 
of asking permission of the owner if it was necessary to pick a 
leaf, and then to be careful to pick only one. After that the 
children brought in many leaves and had great fun in using 
the spray gun. Soon the differences between pictured pressed 
and unpressed leaves was apparent. The unpressed leaves 
curled up and the picture was not so clear in outline. 

The interest in spraying leaves was general and practically 
all the children participated in the activity. An amusing inci- 
dent occurred about this time. One day when I found it neces- 
sary to leave the children unattended, the principal walked in 
and was delighted to find the children all sitting quietly around 
the room. She didn’t know that each one was sitting hard on 
a book in which he had put leaves which he was pressing pre- 
paratory to painting them. 

The children became acquainted with the leaves of their own 
neighborhood, their shape, color and names. Besides this, their 
interest was extended to trees of other neighborhoods. One 
child said, “Near my Grandma’s house is a tree with different 
shaped leaves. This afternoon I will get some.’’ Tony brought 
his daily contribution and soon had quite a large book of leaves 
with their pictures (made with the spray gun). 

Some of the leaves that were brought, I waxed myself (since 
I knew hot paraffin to be too dangerous for children to work 
with), while the children watched. This collection was put up 
in the room together with the paint-gum picture made by the 
children. My principal and the many visitors were delighted 
with this simple joyous way of getting such beautiful results 
(recorded results) from a worth-while experience. A frieze of 
leaves for the room was developed and a beautiful panel for the 
office door. 

Next we went about making pictures with the sunshine doing 
our work for us. In a very sunny spot we placed blueprint 
paper and watched pictures develop, using leaves at first and 
later milkweed pods and seeds. 

Many leaves had now fallen on the ground. Out of doors we 
played joyfully in heaps of fallen leaves, listened to their crisp 
crackling and smelled the prevalent odor of leaves being burned 
in the neighborhood. The point was very definitely brought out 
that little children must keep away from bonfires. That though 
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they may help their parents, if their parents so desire, piling up 
the leaves, they must on no account handle matches. 

In the many conversations that we had about leaves, these 
things were developed. That at the same time some trees were 
still green, others brightly colored—tred and yellow—while some 
had dropped their leaves early and were quite bare. That leaves 
are used for shade in the summer and warmth and covering in 
the winter. (Plants in gardens are covered with branches, sack- 
ing placed over them and leaves piled on.) That they also give 
back to the soil what has been taken out thus acting as a fer- 
tilizer. 

That the tables, chairs of the kindergarten room, and willow 
basket of the playhouse were made from wood. This suggested 
other wooden objects to enumerate and talk about. 

That as some of them already knew, paper is made from 
wood pulp. (Others might have heard of maple sugar from the 
maple tree, dates from the date palm and rubber from the 
rubber tree, of far-off lands.) But all knew that many foods grow 
on trees, apples, pears, peaches, plums, cherries and nuts, which 
help make healthy girls and boys. 

Other activities based on the use of leaves may here be 
mentioned. 

Papers were painted in autumn colors, some red, some yel- 
low, etc. Other papers were decorated with paint in many 
colors by the drop painting method. From these papers we cut 
leaves using patterns made by outlining real leaves. These were 
placed on curtains and in pages of our leaf books. From other 
papers we made leaf stencils, using a large brown paper and 
cutting leaf-shaped holes in a border pattern. We pasted this 
on top of our gayly decorated paper which then showed through 
as a pattern of bright leaves. 

Remembering from my childhood my joy as I made a rubbed 
drawing from a coin placed under a sheet of paper, I decided 
to use this idea. I took a prominently veined leaf, placed a thin 
paper over it and using soft crayons of red, green, orange, etc., 
watched the beautiful veining and leaf appear. It was lots of 
fun for the children to do. This method is much more satisfac- 
tory than smoked glass or carbon paper used with the same 
object in view. 

Since the brilliance of leaves is so striking at that time of 
year an autumn party was fitting climax to all our joyful ac- 
tivity. The room was decorated with bright red leaves (real ones) 
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pinned on the curtains through which the sun shone making a 
truly beautiful sight. The informal arrangement gave the ap- 
pearance of leaves blowing through the air. 

Some one suggested making hats, so each child bedecked 
himself as pleased his own taste. Some made caps with leaves 
placed helter skelter, some had leaves caught like a tassel at 
the top, some made bands with leaves at the side and others 
made bands using the stems as pins. Necklaces were made of 
bright colored cord with a beautiful leaf serving as its claim to 
beauty. Thorn apples which had been previously brought in 
from one of our walks were tied on cord by means of knots by 
a few capable children. Beautiful leaves served as boutonnieres 
for the boys. The leaves were washed and pressed to be used as 
plates. Acorn cups were our play cups. Apples with their stow- 
away seeds which we had brought in from our trips, were eaten 
supplemented by pears, grapes and the nuts which we had gath- 
ered. Later the seeds were planted. 

We danced freely as leaves blown by the wind and enjoyed 
singing such songs as: 

“Like a Leaf or Feather,” Emilie Poullson and Eleanor 
Smith, Songs of a Little Child’s Day (Springfield, Mass.: Milton 
Bradley Co.), p. 79. 

“Gay Leaves,’ Clara Belle Baker, Songs for the Little Child, 
(Abingdon Press), p. 27. 

“Seeds Fall,” ibid. p. 29. 

“Little Bit of Scarlet,” Progression Music Series, Book I. 
(Boston, New York, Chicago: Silver, Burdett & Co.), p. 66. 

These verses were used in conjunction with our work. On our 
expeditions we began to learn them to the accompaniment of 
“Falling Leaves”’: 


‘See the leaves fall one by one. 
All their summer work is done. 
Red and yellow in the sun. 

See the leaves fall one by one. 


The leaves have turned from green to red 
From red to golden brown. 

They’ve left the tree tops overhead 

And softly fluttered down.”’ 


Stories that fitted in with the projects were frequently used. 


Some favorites were as follows: 
“The Fir Tree,” Hans Christian Anderson’s Fairy Tales. 








382 SCHOOL SCIENCE AND MATHEMATICS 


“Why the Evergreen Trees Never Lose Their Leaves,”’ in 
Holbrook, Florence, The Book of Nature Myths (Houghton, 


Mifflin Co. 1902). 

‘“‘Why the Juniper Tree Has Berries,” bid. 

“The Golden Cobwebs,”’ How to Tell Stories to Children, Sara 
Cone Bryant, Houghton, Mifflin Co. 

“The Big Red Apple,” For the Children’s Hour, Bailey & 
Lewis, Milton Bradley Co., Springfield, Mass. 

Readily available on the kindergarten work table were these 
illustrated books: 

Rogers, Julia E., Among Green Trees (Chicago: A. W. Mum- 
ford, 1902). 

Gilbert, Lydia Northrop, Our Most Popular Trees (New 
York: George Sully and Co., Inc.). 

Rogers, Julia E., Tree Guide, 1926 (available at 10¢ store). 

King, Julius, Talking Leaves (Cleveland, Ohio: Harter Pub- 
lishing Co., 1934). 

Peattie, Donald Culross, Trees You Want to Know (Racine, 
Wis.: Whitman Publishing Co., 1934). 

Opportunities for original verses, songs and dances are pro- 
vided by this activity. Many compositions or stories about our 
trips, what we saw, what we did, and about our party were 
contributed by the group. Drawings were made after each 
stimulating experience. 

The crude beginnings of scientific knowledge were started; 
naming leaves, collecting specimens, the reasons and laws of 
nature (seasons, cycles of growth and methods of propagation). 
But the biggest thing this enrichening experience leads to, is 
the ever-increasing joyous contact with nature, and apprecia- 
tion of its beauty. 

Avutuor’ Nores. The round of activities here gathered together have 
been used in actual kindergarten work over a number of years. As pre- 
sented they furnish a continuous chain of projects that can be simply 
carried out in any kindergarten. 


MATHEMATICAL ODDITY 
By BROTHER FELIx JOHN 


Take your house number 

Double it 

Add five 

Multiply by fifty 

Add your age 

Add 365 (number of days in the year) 

Subtract 615 

Point off dollars and cents, the dollars will be your house number, and 


the cents, your age. 











AN EXPERIMENT WITH AIR FLOW AND DRAG 


By Joun B. LEAKE 
Crane Technical High School, Chicago, Illinois 


When George Westinghouse claimed he could stop a train 
with air, the world laughed, and yet air had been retarding mov- 
ing objects since time began. It was only after our vehicles such 
as the airplane, were operated at high speeds, that engineers be- 
gan serious investigation of air drag, and evolved ways to re- 
duce the power loss. Today these principles are effecting the de- 
sign of trains, motor cars, and steam ship superstructures, while 
even children insist on streamlined ‘‘Kiddie Cars.’ The high 
school graduate who has not received some elementary instruc- 
tion on streamlining will soon feel that his school is behind the 
times. 

Now it is a simple matter for a teacher to write on a black- 
board, that Drag=K.A.V’, and to explain that A stands for 
cross section, V for velocity and K for the drag coefficient. 
However, to most students, this means less than nothing, and 
besides is a lot of dry mathematics, thought to have been 
thrown away with the algebra book. It is far more efficient to 
let the student “Monkey” with moving air, and find for himself, 
that drag is effected by shape of the object, air speed, and area 
across the wind. 

A suitable apparatus has been devised by the writer, with 
which the student can explore the air flow about different 
shapes, measure the drag, and work out for himself, the relation 
existing between the factors involved. 

The device consists of a base on which is mounted a swinging 
support, consisting of two arms, which hold the object to be 
tested. Four objects built of wood and tin are provided. The 
three having the same cross section are, a cube, a cylinder, and 
a section of a streamlined strut. The fourth object has the same 
height as the others, but half the width, so that its cross section 
area is half that of the other three. 

In order to investigate the air flow about these different 
shapes, the device is placed on its side with the swinging arm 
pointing up, and locked in position by the cam. Each object is 
placed in the support, and a pivoted feather (shown in the draw- 
ing) is moved about in the air stream. Straight flow and eddies 
are shown by the pointing motion of the feather, and the air 
direction is recorded on cross section paper. 
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The drag test is made by placing the device so that the arms 
swing horizontally, with the cam moved to release the arms. 
The objects previously tested for air flow, are placed in turn in 
the support, and the arm pulled against the stop, by pulling on 
the spring scale. The scale tension is then slowly reduced until 
the drag on the object, overbalances the scale pull, and the arm 
moves away from the stop. The accuracy of this test is improved 
by providing a buzzer circuit, arranged so that the buzzer cuts 
out as the arm breaks contact with the stop. The drag in scale 
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units is recorded on the data sheet, under the diagram of the air 
flow for each object. As this experiment shows roughly the ef- 
fect of shape upon drag, the value of a unit on the scale is im- 
material. 

Considering the three large shapes, the student sees that the 
smoother the air flow, the less the drag. Also that as the drag 
differs, while the area of the object and the wind velocity remain 
constant, the equation representing the effect must include a 
factor, K, which depends on the object’s shape. By finding the 
drag of the object whose area across the wind is half that of the 
cube, the student observes that the drag is proportional to the 
cross section area. 
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If a variable speed fan is available, the effect of air velocity 
can be observed, and if the air speed is accurately measured 
with a calibrated pitot tube, it can be seen that the drag varies 
as the square of the air velocity. 

After performing this experiment, the student can write his 
own drag equation, which now represents a record of his own 
observations, and is more than a collection of mathematical 
symbols, troublesome to remember. The apparatus is easy to 
construct, and rugged enough to be used by students who have 
not enough technique to make tests in the more sensitive wind 
tunnel. Having been successfully used for the last five years in 
our laboratory, with favorable comment from students and the 
public, it is described in the belief that it may find wider ap- 
plication. 


IRON BURNS, WHY THE SULPHUR? 
By H. Lynn Bioxom, Ft. Dodge, Iowa 


Those whose first year chemistry course is a matter of ancient record 
have probably forgotten how they wondered what part the sulphur played 
in the experiment wherein iron was made to burn in an atmosphere of un- 
diluted oxygen. 

After the oxygen is prepared, it has long been customary to instruct the 
student to heat the end of the wire, dip it in sulphur, set the sulphur on 
fire, and insert the wire in the oxygen. After the brilliant conflagration of 
sulphur, enough oxygen sometimes remains to consume part of the wire. 
The student may eventually get a glimpse of this, if the smoke clears in 
time, and after wondering a bit, is likely to conclude that the latter dem- 
onstration is something secondary to the former, like the luminary dis- 
plays associated with vigorous fistic applications. If he escapes this error 
he is faced by another. He is inclined to assume that the sulphur is neces- 
sary, in the same way that it is necessarily a component of some explosives. 
Mention of its function, in the directions, may interest him momentarily, 
but the action in the bottle will impress him permanently. 

The use of sulphur in that part of the experiment is hard to defend. The 
wire can be kindled in at least two other ways, and in both cases nothing 
but iron is seen to burn. The best method is to attach a small tuft of steel 
wool to the end of the wire. The wool will burn in air long enough to permit 
the student to insert the wire in the bottle after kindling it in a flame out- 
side. Another method is to use iron filings that have been made to adhere 
to the wire by stroking it with a strong magnet. The filings likewise burn 
in air. 

Incidentally, it hardly seems necessary to say that gas collecting bottles 
that have been completely filled with water may be covered with a small 
wet filter paper and inverted in the trough with one hand, thus avoiding 
the use of the clumsy glass square. As the mouth of the bottle goes below 
the surface of the water, the paper falls away of its own accord. This ob- 
viates putting both hands in the alreay over-crowded trough and over- 
turning bottles and the like, with all the aspiration to profanity that is 
likely to attend that frequent frustration. 








CLASS PARTICIPATION EXERCISES VS. INDI- 
VIDUAL LABORATORY EXPERIMENTS 
IN HIGH SCHOOL CHEMISTRY* 


By THomMAs MorSE BARGER 
Illinois State Normal University, Normal, Illinois 


So that you may comprehend why I do not consider the dis- 
cussion of such a topic as this one, a waste of time, perhaps | 
should briefly state a few fundamentals of my philosophy rela- 
tive to high school science teaching and science teachers. 

Secondary school science instructors may be grouped roughly 
into two classes, the first group embracing those who believe 
that a teacher should be primarily a specialist in the teaching 
of his subject and secondarily a specialist in the subject itself; 
the second group including those who believe that a teacher 
should be primarily a specialist in his subject and that the abil- 
ity to teach is secondary. 

The writer places himself in the first group and he earnestly 
believes that teaching high school children in the most effective 
way should be the first interest of the instructor. He is thor- 
oughly convinced however that the teacher should be at least 
a near specialist in his subject and should have a preparation 
considerably beyond what he may be expected to teach, but 
at no time should he lose sight of the fact that he is employed 
as a specialist in /eaching and not as a specialist in research. 

The subject printed upon the program would seem to limit 
our discussion to instruction in high school chemistry. It is 
difficult however to leave the colleges and universities out of 
it, as it is they who are preparing and placing instructors in our 
high schools. 

Doctor Livingston C. Lord, late president of the Eastern 
Illinois State Teachers College, repeatedly affirmed, “the young 
teacher teaches as he has been taught and not as he may have 
been taught to teach.’”’ No truer statement than this was ever 
made. Therefore, in the opinion of the speaker, the methods of 
instruction and the content of many courses in our colleges and 
universities, in so far as the preparation of teachers is con- 
cerned, should be such that these young people could use them 
successfully when they take up their work in our public schools. 





* Read before the Chemistry section of the Illinois High School Conference held at the Univer- 
sity of Illinois, Nov. 22, 1935. 
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These young teachers should have developed within them- 
selves the consciousness that they are going out into our schools 
as educators and not simply as well equipped science students. 
That this has not been done has helped to establish the far too 
prevalent contention that a person, well grounded in subject- 
matter content, will prove to be a good teacher by simply fol- 
lowing the methods to which he has been subjected in college 
or university. This does not always follow, as we all know. 

The science teacher should be well grounded in subject-matter 
and should possess a great interest in it, but he should be equally 
well grounded and should have an even greater interest in the 
pedagogical aspects of his subject, the best methods for its 
presentation, the psychology of the pupils he is to teach, the 
investigations which have been made and are being made along 
this line, together with the changing viewpoints of our leaders 
in education, at least in so far as they affect the teaching of his 
subject. Otherwise he cannot honestly consider himself a spe- 
cialist in the teaching of this subject. 

If you have not read the book by G. W. Hunter, of California, 
entitled, Science Teaching at Junior and Senior High School 
Levels, published by the American Book Co., you should do 
so. It is as necessary for the progressive science teacher to be 
familiar with the writings of such men as Little, Johnston, 
Wilkins, Flexner, Powers, and others of equal caliber as it is 
for any other educator. 

Sam Walter Foss says in his poem, ‘“The Coming American”’: 


“Bring me men to match my mountains, 
Bring me men to match my plains, 
Men with empires in their purpose, 
And new eras in their brains.”’ 


We need such men in the science teaching field at the present 
time just as much as they are needed in the fields of statesman- 
ship and of business. 

It is not the intention in this paper to disparage or belittle 
one method of science teaching nor to propagandize or aggran- 
dize another method; nor is it the intention to try to impress 
you that something new is being offered for your consideration. 
It is proposed to discuss in a friendly way two common methods 
of science instruction, with the hope that some of you may be 
encouraged and emboldened to the point of giving the method 
you have not been using, a trial during the rest of the year. 
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A teacher’s fundamental educational philosophy and his 
point of view relative to the aim of secondary school education 
will influence, to a large extent, his choice of a method of in- 
struction. Thirty years ago the generally accepted aim of edu- 
cation was to prepare scholars or specialists in the different 
subjects. Today, the commonly accepted viewpoint is that our 
public schools should equip our young people to live more intel- 
ligent, happy, and satisfied adult lives. The training of special- 
ists is left to the colleges and universities. Far too many of our 
high school instructors in chemistry and physics still adhere to 
the first of these viewpoints. 

At the present time there are other factors which are affecting 
the teaching methods in many schools. For several years to 
come these conditions will probably continue and are likely to 
become more pronounced. Reference here is to the increased 
and less selective attendance in our high schools, the more 
elaborate curricula, the lessening of required subjects, and the 
increase of electives, accompanied, in many instances, by a 
decreased income which makes impossible additional teachers 
or rooms. As a result there are many schools that have been 
compelled to dispense with the double-hour period in all science 
courses. In many instances this means a curtailing of the sub- 
ject-matter offered or a change in the method of presentation. 
The prevalence of this condition at the present time makes this 
discussion quite pertinent. Any method which will permit as 
much subject-matter to be covered and as effectively presented 
in five periods a week as was formerly covered in seven periods 
is, in the opinion of the speaker, worthy of careful consideration. 

By the “individual-laboratory method” is meant the per- 
formance of experiments, dissections, or investigations by the 
students individually, following directions printed in a labora- 
tory guide, given upon mimeographed sheets, written upon the 
blackboard, or presented orally by the instructor. When com- 
pleted, the exercise is “written up”’ by the student and handed 
to the instructor, who reads and approves, or hands it back for 
correction. The requirements for “writing up” an experiment 
vary with the instructor, some requiring a detailed account of 
the materials used, a drawing of the apparatus, a description 
of the method of procedure, a computation of the results from 
the data taken, and answers to pertinent questions asked in the 
directions given. Some instructors demand that the results 
obtained fall within an allowed per cent of error. Other teachers 
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are much less exacting in their requirements, expecting only a 
drawing of the apparatus used, or the dissection made, and 
answers to the questions asked, with a computation of the re- 
sults from the data. 

The ‘‘class-participation method”’ may be considered a com- 
bination of the individual-laboratory and the lecture-demon- 
stration methods, though the speaker believes it embraces the 
best in both of these. The exercise is assigned a day in advance 
and the pupils are expected to master the theory involved and 
to know the steps in the procedure. The apparatus to be used 
is set up before class time by the instructor or by some member 
of the class. When the class assembles, a brief quiz covering the 
steps in the procedure is given. After making sure the class 
comprehends the purpose of the exercise and what is to be done, 
the steps in the procedure are taken. These may be performed 
by the instructor, assisted by a different pupil for each step, or 
by different pupils. Each member of the class records the data 
as taken. Throughout the procedure questions are asked by 
pupils and instructor and all points of doubt are made clear. If 
time permits, the results are computed from the data by each 


.pupil and these are compared. If time does not permit, the com- 


putations are made at home and used in the recitation on the 
following day. In this recitation all troubles are straightened 
out and pertinent questions pertaining to the practical appli- 
cations of the exercise are answered and discussed by the 
pupils. If such questions are not given in the laboratory guide, 
they should be added by the teacher when the exercise is as- 
signed. 

If the aim of a high school course in chemistry is to lay the 
foundation for college courses which will make specialists in 
this subject, then, probably, the individual-laboratory method 
is the best one to use. If, however, the aim of high school chem- 
istry is to give the pupils some elementary concepts of the ele- 
ments which compose the Earth, and of chemical reactions 
which are likely to prove of practical use to them in living their 
varied and normal after-lives, there is a question whether there 
may not be a better method of fixing such information in the 
pupils’ minds. 

During a period of more than twenty years devoted to teach- 
ing high school chemistry, the writer has tried out several 
methods of presenting this subject. He is thoroughly convinced 
of the effectiveness of the class-participation method in the 
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acquisition of information and its retention, in the appreciation 
of the knowledge gained, in the time saved, and in the cost for 
equipment. 

The May, 1935, issue of the Journal of Chemical Education 
printed two articles which should be read by our teachers of 
high school chemistry. An article by the present author contains 
a bibliography of periodicals which will enable all to acquaint 
themselves with the investigations that have been made com- 
paring the effectiveness of the individual-laboratory method 
with that of other methods of instruction. An article by W. R. 
Carmody, of Portland, Oregon, offers some very constructive 
criticisms of chemistry courses as they are far too often con- 
ducted. This article may awaken you to a new viewpoint rela- 
tive to elementary chemistry instruction. 

As all our readers are undoubtedly perfectly familiar with the 
individual-laboratory method, there is no need to discuss it in 
detail. The writer is entirely friendly to this method and he 
would not dispense with it entirely in either chemistry or 
physics courses, especially in the simpler, less involved exer- 
cises. But he believes there are many exercises in both subjects 
that are particularly well adapted to presentation by some other 
method, which will not only save time and equipment, but will 
better accomplish the purpose of instruction. A partial list of 
these in chemistry is: the Halogens; all other noxious or in- 
flammable gases; Oxygen; Sodium; Potassium; determination 
of the per cent of water of crystallization; equivalent of Magne- 
sium; other determinations which require the use of sensitive 
balances; and any other exercise that requires complicated ap- 
paratus or involved procedure, or which may be conducive to 
accidents by careless manipulation upon the part of the pupils. 
The use of the class-participation method in the study of Chlo- 
rine will be briefly outlined. 

Whether the theory underlying the exercise has preceded or 
is left to follow the laboratory study will depend upon the 
educational philosophy of the instructor. At any rate the labo- 
ratory exercise is assigned a day ahead, together with such ref- 
erences in the textbook as will furnish the necessary background 
for its intelligent performance. 

When the class assembles in the laboratory, a brief quiz is 
given upon the apparatus needed and how it should be set up, 
the chemicals used in the production of Chlorine, and the steps 
in the procedure. The equation for the reaction may be taken 
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up here or left for a later discussion, depending upon the view- 
point of the instructor. The apparatus, which has been set up 
previously under the hood by the instructor or by some member 
of the class, is now shown and checked by the pupils. Each 
step in the procedure is taken by different pupils as they are 
called upon. As each is performed, it is explained by the person 
doing it, questions are asked by other members of the class and 
the instructor, so that, when the last step is taken, the entire 
class fully comprehends what has been done, what the results 
are, and why. 

The different steps may be assigned to different pupils a day 
before the exercise is performed, then one will have the chemi- 
cals ready for use, another will have powdered the Antimony, 
another will bring colored cloth from home, another can have 
paper or cloth with spots of a vegetable ink upon it, another a 
colored flower, another will have the Hydrogen generator set 
up, and so on, for all the steps that may be taken. It has been 
found that most pupils take pride in getting more information 
than is given in the textbook when they know a day in advance 
that they are to perform a certain part of the next day’s exer- 
cise. 

The final class discussion of this subject follows. In this, a 
comprehensive review is made, correlating all that has been 
learned from the laboratory exercise, from the textbook, and 
from outside sources. This includes of course, the physical and 
chemical properties of Chlorine, the laboratory method for 
producing it, the equation representing the reactions involved, 
together with the commercial uses of the gas. During this dis- 
cussion, if the instructor neglects to inform the class that the 
housewife may purchase Clorox, So Hi, or other commercial 
bleaching agents, from her grocer, he has missed an excellent 
opportunity to give his pupils some valuable, practical informa- 
tion which they should get from such a course. 

The advantages of this method over the lecture-demonstra- 
tion are that the pupils prefer to see and to hear each other 
doing something rather than the instructor, they give better 
attention to the procedure, it permits an exercise to be given 
in either laboratory or classroom, and the pupils ask more ques- 
tions. The advantages over the individual-laboratory method 
are that the exercise is performed more rapidly and effectively; 
there is no loafing or careless handling of apparatus; better at- 
tention is given by the class as a whole; better outside prepara- 
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tion is made, as each pupil knows that he may be called upon to 
perform any part of the exercise and he does not care to “‘bun- 
gle,” before the rest of the class, what he is called upon to do; it 
encourages outside reading; it demands the acquisition of the 
desired vocabulary sooner; it develops the ability of the pupils 
to perform and talk before the class, and insures that all pupils 
will understand all parts of the exercise. 

It may be added here that, perhaps at first, some members 
of the class will be backward about asking questions and the 
instructor will have to do this for them. But it will be found 
that soon they learn that to ask a pertinent question is a mark 
of intelligence rather than of ignorance or “dumbness,” as so 
many youngsters seem to believe. It will not be long before all 
pupils will be asking such questions as are needed to make the 
work clear to them. 

The only objection to this method, that the speaker has 
heard from those who have tried it, is that it deprives the in- 
structor of those two double periods of “rest” each week to 
which some, who are posing as teachers, have become accus- 
tomed. 

Of course the instructor must plan each lesson carefully, he 
must know the steps in the procedure himself, and he must be 
teaching all the time. 

After all, is it the aim of class instruction to pass and fail 
pupils, or te impart information, knowledge, understanding, 
and appreciation of the subjects taken up in the course? The 
method that will inculcate these attributes most effectively is 
the best one to use. The writer is firmly convinced that the 
class-participation method, when properly conducted, does the 
above with a large number of the exercises commonly offered 
in a course in high school chemistry. 


PORCELAIN INDUSTRY FOR U. S. POSSIBLE 
IN TENNESSEE VALLEY 


Porcelain dinner sets and other fine ware may one day be a product of 
the Tennessee Valley, as the result of large deposits of kaolin in North 
Carolina, plus the development of low-cost electric power. T.V.A. chemists 
are now experimenting with electric-heated kilns, hitherto considered eco- 
nomically impracticable, and the results thus far obtained are considered 
hopeful. Developments will be made available to the industry. 

Private manufacturers who have been testing the North Carolina pri- 
mary kaolin predict that there will be little difficulty in substituting this 
domestic porcelain mineral for kaolin of foreign origin. 








TEACHING THOUGHT PROBLEMS IN NINTH 
GRADE ALGEBRA 


By ELBERT FULKERSON 
Principal of Teacher Training High School, Carterville, Illinois 


The term “thought problem” as used in this discussion will 
be understood to mean those problems whose solution will de- 
pend upon equations which the pupils must derive from the 
facts given in the problem. According to the restricted meaning, 
any problem which may be solved by substituting numbers in a 
given formula, will not come within the scope of this discussion. 
For example, consider the problem: 


The temperature of the classroom is 70 degrees on the Fahrenheit scale. 
What is its temperature on the centigrade scale? 


Inasmuch as this example may be solved by simply substituting 
the given numbers in the formula C-5/9(F—32), it will not be 
considered a thought problem under the restricted meaning 
herein assigned to the term. But now study the following prob- 
lem: 

Two tanks of equal size contain the same amount of gasoline. From one 
tank 118 gallons are drawn, and from the other 239 gallons are drawn. 


The quantity remaining in the first tank is now 12 times that remaining in 
the second. How many gallons of gasoline in each tank at first? 


In order to solve this problem the pupil must be able to de- 
rive an equation which incorporates the word statements into 
an equality of symbols. Such a process requires “‘thinking”’ on 
the part of the pupil, and hence the example is called a thought 
problem. What steps are to be taken in the solution of such prob- 
lems? These will be discussed under the following headings: 


1. TRANSLATING VERBAL STATEMENTS INTO ALGEBRAIC SYMBOLS 


One of the chief difficulties confronting ninth grade algebra 
pupils is the lack of ability to think in terms of symbols—a trait 
of the utmost importance in the solution of thought problems. 
Perhaps the most effective way to develop ability in symbolic 
thinking is to have the pupils think through the operations nec- 
essary to solve numerous examples involving symbolic state- 
ments. The brighter members of the class will see the existing re- 
lations very readily. However, the other pupils will not discern 
the relations as long as the values are expressed in symbols 
other than numerals. But these same pupils have dealt with 
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numerical values for practically all the time spent in elementary 
school. Then why not translate the symbolic statements back 
into terms with which they are more familiar, and thus permit 
them to discover what steps to take under such circumstances? 
An example will make the point clear. 

A man drove his car M miles in H hours. 

What was his average rate per hour? 

At first the expressions ‘‘M miles” and “H hours’”’ will have 
little or no meaning for the pupil. But if the teacher will recast 
the problem, substituting numbers for the letters, the solution 
at once becomes evident. The problem then might read as 
follows: 

A man drove his car 100 miles in 5 hours. 

How many miles did he average for each hour? 

Of course, the slow pupils of the class will see the relations 
existing between the numerical quantities. At this point the 
teacher must be on guard. It cannot be assumed that seeing the 
proper relations in a few problems will enable the pupil to see 
such relations in the various types which will arise throughout 
the course. In general verbal problems are scattered rather lib- 
erally throughout modern first year algebra texts, with the ex- 
pectation that these be utilized in familiarizing the pupil with 
symbolic thinking. However, the teacher should supplement 
these lists freely until the pupils are able to see the symbol rela- 
tions readily in the commoner types of problems. A few minutes 
taken from the recitation once or twice each week for the pur- 
pose of analyzing and discussing such problems will go a long 
way in developing the pupils’ powers and appreciation for sym- 
bolic thinking. When the teacher discovers that a pupil is baf- 
fled by the symbolic statement, it is a good practice to have the 
pupil restate the problem using numbers where the symbols ap- 
pear. After the pupil then discovers the number relations, he 
will have little difficulty in transferring these relations to the 
symbolic statements. 

Just as the pupil experiences difficulty in changing from num- 
ber-thinking to symbol-thinking, he finds even more difficulty 
in changing from word-thinking to symbol-thinking. He quite 
frequently fails to recognize the numerical operation or relation 
suggested by so many words in the problem. In the tank prob- 
lem stated above “the same amount” means equality between 
two quantities, and could therefore be replaced by the equals 
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sign (=). Likewise the phrase “‘drawn off’? means to diminish 
and could be replaced by the minus sign (—). The teacher 
should have the pupils continually on the look-out for words 
and phrases which can be replaced by signs of operation in the 
problems which they meet. For example: 

The plus sign (+) may be substituted for “‘add,”’ “‘increase,”’ ‘‘increased 
by,” “go above,” “‘exceed,’’ and many words of similar meaning. 

The minus sign (—) may mean “subtract,’”’ “diminish,” ‘‘decrease,”’ 
“take away,” “‘remove,”’ etc. 

The equality marks (=) may mean “‘equals,”’ “‘the same as,”’ ‘‘the result 
is,”’ “‘the balance is,” ‘‘gives,’”’ “‘leaves,”’ and the like. 


It is a good plan to have the pupils keep lists of all such words as 
they meet them, and to review this list occasionally when the 
wording of a problem is difficult to change into symbols of 
operation. 


2. ELIMINATING IRRELEVANT TERMS FROM THE PROBLEM 


Many problems which appear complicated in first reading can 
be reduced to comparatively simple statements by eliminating 
all irrelevant terms which have been used in stating the prob- 
lem. Unfortunately, the author, in his efforts to make the prob- 
lem “‘practical,’’ frequently confuses the pupil by interspersing 
irrelevant and superfluous words. Many such problems are no 
more practical to the average high school freshman than are the 
simplest abstract statements. Nevertheless, so long as textbook 
writers continue to “dress-up” their problems with terms to 
give a so-called “practical’’ setting, then the teacher must famil- 
iarize the pupils with methods of stripping such problems of the 
unnecessary verbiage. In the tank problem given above the 
phrase, “‘of equal size,’’ has no connection with the solution, but 
serves to conceal the process. The teacher will save much time 
and wasted effort of the pupils by teaching them to form the 
habit of eliminating all irrelevant words and terms found in the 
problem. 

3. REDUCING THE WORDING TO ENUMERATED STATEMENTS 

The pupils should form the habit of separating the wording 
of the problem into definite numbered statements. The tank 
problem heretofore stated, for example, might be reduced to the 
following specific statements: 

1. Two tanks contain equal amounts. 


2. 118 gallons drawn from one, 239 from another. 
3. Amount left in first is 12 times amount left in second. 
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In these statements everything that would tend to obscure 
clear thinking has been removed. The statements stand out 
from each other such that the pupil finds it relatively easy to 
organize his thoughts toward a correct symbolic interpretation 
of the conditions. 


4. TRANSLATING THE STATEMENTS INTO SYMBOLIC LANGUAGE 


Translating the statements into symbols is the most difficult 
procedure in thought-problem solving. Pupils usually flounder 
about at this step in a maze of bewilderment, not knowing where 
to start, nor how to continue. The writer has used the following 
plan to advantage. The class is informed that a thought prob- 
lem in algebra is ordinarily solved just oppositely to the method 
used in arithmetic. That is, in arithmetic the facts are handled 
in such a way as to arrive at the desired result, whereas in alge- 
bra, the solution begins with the answer and moves backward 
through the specific facts and statements. At this point the 
pupil’s curiosity will be aroused to the extent that he will want 
to know how to determine the answer in advance. Then he is 
told that this cannot be done so far as finding numerical values 
are concerned, but that some letter can be assigned to represent 
this answer and then handled just as if it were the numerical 
value. Of course any letter may be used to represent this answer, 
but for this discussion the traditional ‘‘x”’ will be used. 

In stating the conditions of the tank problem in terms of the 
symbol ‘“‘x”’ one might reason as follows: 

Teacher: What is called for in the answer? 

Pupil: Gallons in each tank at first. 

Teacher: Then let x=no. gallons. 

Teacher: How many gallons were drawn from first tank? 

Pupil: 118. 

Teacher: How many gallons were in this tank at first? 

Pupil: (Probably not answering at first because he has thought little 

in terms of symbols) Finally will say ‘‘x-gallons.” 
Teacher: How many gallons will be left after 118 have been drawn off? 

Pupil: x—118. 

Teacher: How many gallons will be left in the second tank? 

Pupil: x—239. 

Teacher: How many times as much remained in first tank as in second? 

Pupil: 12 times as much. 

Teacher: What would need to be done to amount in second tank to 
make it equal to amount in first tank? 

Pupil: Multiply it by 12. 


The above statements could then be assembled in an analysis 
similar to the following: 
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Let x = No. gallons in each tank at first. 
Then x—118 =No. gal. in first tank after 118 were drawn. 
And x—239 = No. gal. in second tank after 239 were drawn. 
12(x— 239) =No. gal. in first tank after 118 were drawn. 
ee ee es pe ee " 
.. 12(x—239) =x—118. 
x =250 No. gallons in each tank at first. 


The writer finds that pupils experience the greatest difficulty 
in the analysis by not being able to determine just when the 
equation should be set up. A device which has been used for sev- 
eral years with apparent success is to tell the pupils that they 
can be assured in nearly every case that they are ready to make 
the equation when they come to that point in the analysis at 
which the statement after the equality marks can be written 
completely by means of the ditto signs. Of course, at this point 
in the analysis the fact is brought out that the well known axiom 
allowing equals to be substituted for equals, is actually operat- 
ing when the statement written by ditto symbols is equated 
with the one just above it. 

5. CHECKING THE RESULT OBTAINED 

The pupils quite frequently make the mistake of trying to 
check the thought problem by substituting the value found for 
the unknown in the equation they have derived. Of course, if 
the derived equation has been solved correctly, the root thus 
obtained will reduce its members to identities. Nevertheless, 
this is no indication that the answer is correct, inasmuch as the 
equation derived by the pupil may be wrong for the particular 
problem. The pupils should be impressed with the fact that a 
thought problem is checked by making the answer satisfy the 
conditions of the problem. To illustrate, the tank problem may 
be checked in the following manner: 

Condition 1—Each tank has same amount at first. Yes, there are 250 
gallons in each. 
Condition 2—118 gallons drawn from 250 gallons leaves 132 gallons in 


first, and 239 gallons drawn from 250 gallons leaves 11 gallons in 
second, 
Condition 3—First tank then contains 12 times as much as second. Yes, 
132 gallons is 12 times 11 gallons. 
Therefore, the conditions are all satisfied and the result must be correct. 


From the standpoint of training the pupil how to think log- 
ically and accurately, the checking procedure affords drill equal 
to that provided by the original analysis of the problem. Con- 
sequently, the teacher should not allow the pupil to pass over 
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the rich problem material without utilizing the checking proc- 
ess, inasmuch as the check will materially help to clarify prob- 
lem conditions and thus add to the pupil’s confidence in his abil- 
ity to analyze and solve thought problems. 


SCIENTIFIC NOMENCLATURE IN HIGH 
SCHOOL BIOLOGY 


By EpwIn E. JAcoss 
Ashland College, Ashland, Ohio 


One of the major problems in connection with the teaching 
of Biology in high schools relates to how far one should go in 
insisting that the students become familiar with the vocabulary 
peculiar to Biology. Should the teacher himself use, and insist 
that the students use, the so-called scientific terms or should 
their common English equivalents be used? 

In Chemistry it is taken for granted that the student should 
use the terminology peculiar to Chemistry, for it is evidently im- 
possible to deal with upwards to one hundred elements and their 
various compounds unless one is absolutely sure of the nomen- 
clature. For instance, even the beginner must be able to dis- 
tinguish between a nitrate and a nitrite, between silica and 
silicon, and these rather minute distinctions carry through the 
entire subject, for to disregard them makes the study of Chem- 
istry impossible. 

In Physics the same general conditions prevail, at least in 
the main. The dyne, the erg, and the ohm, for instance, must 
be understood and used, for no other words are at all acceptable. 
And yet the average high school student has never previously 
used these words nor seen them in print. But no Physics teacher 
would attempt to teach that subject with these words left out. 

In Biology the same difficulties arise, but are all too often 
met by other methods, viz., by ignoring the nomenclature in- 
volved and substituting everyday words. This is done with the 
excuse that there is no use in using a scientific term when a 
“common word would do as well.”’ In general it is conceded that 
the scientific name is the béte noir of every branch of the biolog- 
ical sciences to most people. For example, ordinarily one can- 
not even pronounce, much less remember and understand, the 
name of the disease the doctor says one has, to say nothing 
about the medicine he is supposed to take. All this is unfortu- 
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nate for it puts the biological sciences at a distinct disadvantage. 
But what to do under the circumstances is a very pressing ques- 
tion in high school teaching. I do not think it can be solved by 
ignoring it. 

Hence, the vocabulary ought to be frankly faced and the 
essential words mastered. This can be best done, in my judg- 
ment, by a preview of the assigned lesson, the teacher explaining 
the words which he regards as too difficult for the student and 
his dictionary. I see no reason why these words should not be 
explained in the terms of the language from which they are 
derived. Take the word chlorophyl, common in Botany, which 
really means green leaf, or better, leaf green. When the two 
parts of this word are understood it becomes as meaningful as 
its common English equivalents. 

If some understanding of such words is not had, then the 
learning of them does not differ greatly from learning a series 
of nonsense syllables, an exercise sometimes undertaken in 
Psychology. In fact, it would be about as easy to memorize a 
series of Chinese words as to memorize scientific words whose 
real meaning is not at all understood. 

An additional advantage to be gained by learning once and 
for all the meaning of such words as the above, is that they 
occur again and again in other connections. For example the 
syllable “‘phyte” in Botany, which may be translated as plant 
occurs so often in botanical nomenclature that it seems a pity 
that its connotation should not be thoroughly fixed in mind. I 
have carefully checked students entering biological courses in 
college and find that those who have had some training leading to 
the development of a technical vocabulary have a better under- 
standing of the subject than those who have slurred over it 
and that they are better able to pursue their subjects further. 

In a questionnaire of some scope, I found that by far the 
greater majority of teachers of Zoology slight or wholly omit 
what seems to me to be very essential words in that science. 
For instance, almost no one pays any attention whatsoever to 
the names of the phyla to say nothing of the genera and species. 
This may be justifiable, but when the vocabulary is reduced to 
about what it is in grade Physiology, the student is without 
power of expressing adequately anything he has learned about 
the great underlying facts of the animal kingdom. 

In Botany the situation is about the same if not somewhat 
more pronounced. Chlorophyll is called the “green coloring 
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matter in plants,” which it is, but instead of using the very 
expressive word, its definition is used, because it is couched 
in more common words. Xylem, phloem, and cambium are 
referred to as “little conducting tubes,” again referring to their 
function rather than resorting to the use of their real names. 
Alga is called seaweed. Photosynthesis is spoken of as “putting 
together in the presence of sunlight,” again a definition rather 
than a word. Transpiration is spoken of as “perspiration or 
respiration,” both of which it resembles in a way, but from 
which it differs fundamentally, so that here by substituting 
common words a wholly wrong idea is conveyed. There is, as 
is well known, no function in the animal body which is funda- 
mentally identical with transpiration in plants and in this case 
as in many others the habit of expressing scientific facts by 
everyday words leads us far astray. 

Having had some years of teaching the biological sciences 
in both high school and college, I am fully aware of the diffi- 
culties involved in this regard but still I am firmly of the con- 
viction that the language of a science is as important as its 
facts. If this be true, then a double duty devolves upon the 
teacher, viz., he must teach the facts and interpret the vocabu- 
lary. It has been estimated that a thorough first year course in 
Biology involves the learning of as many new words as a first 
year in a foreign language but this is only true under one con- 
dition, and that is, that the vocabulary of Biology be really 


learned. 


NON-SLIPPERY FLOOR WAX PATENTED 


No danger of feet slipping, or of rugs skidding on floors waxed with the 
non-slippery floor wax for which a patent was recently granted to a Brook- 
lyn, N. Y., inventor. 

The wax is claimed to give a hard, continuous film capable of yielding a 
high, lasting, semi-transparent polish. Its novel characteristic is a “higher 
coefficient of friction,’’ which means that it is less slipppery than conven- 
tional waxes. Tests carried out by the inventor, using sole leather against 
wood waxed with the new product, indicate that a floor would be less than 
half as slippery as it is with conventional waxes. 

This non-slip property is obtained by adding to the mixture of beeswax 
and carnauba wax generally used in making floor waxes about 10 per cent 
of high grade light-colored raw rubber. 

“Floor wax containing this amount of added rubber,” states the patent, 
“acquires a coefficient of friction making it safe in the household but with- 
out forfeiting the advantages of wax properties.”’ Walking on floors waxed 
with it, or ordinary furniture movement, he claims, does not mar its sur- 
face, 








METHODS OF TEACHING BIOLOGY IN THE 
WAYCROSS HIGH SCHOOL 
By MAE BIRDSONG 
Waycross High School, Waycross, Georgia 


Several methods of teaching biology have been tried out in 
the Waycross High School. The chief objective of each method 
was to take care of individual differences. In order to do this a 
special grouping of the students was necessary. Each student 
took a Standardized Intelligence Test and was grouped accord- 
ing to the score he made. 

In this school there are five classes in biology. Two are be- 
ginning classes, and three are advanced. The methods of teach- 
ing vary according to the group being taught. In order to make 
this article more specific, we shall cite actual cases of classroom 
teaching: The three advanced classes shall be taken as examples 
These classes are spoken of as 9A—1, 9A—2, and 9A—3. The 
first class shows the highest intelligence score: the second the 
next highest; and the third the lowest. Three methods of teach- 
ing have been tried out in each of these sections over a period of 
four years, and the results are as follows: 

The 9A—1 sections always showed keen interest in the sub- 
ject, grasped the important facts quickly, and consequently had 
plenty of time for advanced work and projects connected with 
the unit being taught. The contract method of teaching with 
field excursions and outside projects proved best for this section 
because it gave a broad field of study, and each pupil was able 
to develop his natural interests in the study to a very great 
extent. Not as much drill was necessary for this group as for the 
other two. 

The unit method proved more effective with the 9A—2 sec- 
tion. The students in this group always showed great variation 
in abilities. The unit method with outside projects and field 
excursions was better than the contract method because the 
majority of students had to have the chief scientific principles 
pointed out to them, and frequent drills were necessary. The 
unit method took care of the latter requirements and at the same 
time offered means for dealing with individual abilities. 

With the 9A—3 group the daily assignment method proved 
best. This section was more nearly balanced in abilities than 
either of the other two. Each student had to be shown how to 
study. The important scientific facts had to be pointed out 
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directly, and much drill was necessary. Daily recitations in- 
cluding the pronunciation of words and spelling were necessary. 
This group displayed curiosity in the work, but not genuine 
interest. The great problem here was to try to develop real en- 
thusiasm from the “‘surface”’ curiosity. This was done through 
class excursions, after school field trips and the Biology Club. 
The first two means shall not be described, but the following 
paragraph will show some of the activities of the club. 
The Biology Club has been in operation two years, and it is 
open to all biology students in the school. The chief purpose of 
the organization is to offer opportunity to all students for pro- 
moting their interest in the work. Through the Club the Biology 
Department has accomplished some outstanding works in both 
a scientific and financial way. A few of these accomplishments 
will be mentioned. During the three years of its existence the 
club earned for the department sixty-five dollars. Two original 
health plays were written, and each one won second prize in 
the state for the best play written. One of these plays was sold 
to a publishing company in Massachusetts to be put in an 
anthology of health plays. The boys in the club collected five 
terrapins and sold them to an advertising company in the town. 
In the above ways the sixty-five dollars was made for the 
Biology Department. Each program in the club provides for 
some form of manual activity. A few of them are as follows: 
1. The making of star maps with silver and gold stars on black poster. 
2. The making of blue prints of leaves and flowers. 
3. The making of spatter prints of leaves. 
4. The making of ink prints of leaves. 
5. Plaster of paris casts of nature objects. 

Clay models of protozoa. 

Making slides of protozoa and bacteria. 

Soap models of plants and animals. 

Bird houses and animal cages. 

10. Drawings and paintings of nature objects. 

11. Establishing balanced aquaria and terraria. 

12. Nature games. 


O90 ID 


One monthly field excursion is given by the instructor for 
studying and collecting the specimens needed in the laboratory 
for class work. With most of the students the club is a means 
to an end rather than an end in itself. 


If you do not get your journal regularly notify Business Man- 
ager W. F. Roecker, 3319 N. 14th Street, Milwaukee, Wis. 








NATURE RECREATION IN INDIANAPOLIS 


By WILLIAM GOULD VINAL 
National Recreation Association 


The City of Indianapolis was planned. The ‘Hoosier Capitol” 
was located near the geographical center of the state, or, as some 
would have it, in the heart of the Middle West. Meridian Street 
(86’’ 9’— 45’ longitude) gives it a propernorth and south setting 
and other thoroughfares radiate conveniently toward all points 
of the nation. 

Before Indianapolis was planned the first science capitol of 
the west and perhaps. of America was founded at New Harmony, 
Posey County, Indiana, by Robert Dale Owen, a British in- 
dustrialist, philanthropist and reformer. In 1825 Owen pur- 
chased a farm of 30,000 acres in the southwestern part of the 
state from the Rappites, German religious Communists, who 
were the disciples of George Rapp. Setting forth from Pitts- 
burgh Owen brought his distinguished “‘Boat Load of Knowl- 
edge’ down the Ohio and up the Wabash to “tie up” at New 
Harmony on January 18, 1826. On this boat were famous sci- 
entists and educators who were to influence science and ed- 
ucation in the United Stated for the next century. 

Today, in thought at least, we should set aside a little time to 
commemorate the hundredth anniversary of the landing of the 
“Boat Load of Knowledge” and if possible plan a pilgrimage to 
this shrine of American culture. 

New Harmony was very active from 1826 to 1851. Among 
this noted company were: 

William Maclure, (1763-1840) father of American geology 
and president of the Philadelphia Academy of Science for 
twenty-three years. 

Thomas Say, (1787- ) father of American zoology. 

Constantine Rafinesque, (1784-1840) pioneer ichthyologist of 
the west. 

Charles Albert Lesueur, an artist and first classifier of the 
fishes of the Great Lakes. 

Dr. Gerard Troost, one of earliest American mineralogists. 

Charles Chappelsmith, artist and engraver. 

Joseph Neef, a student of Pestalozzi who was to establish the 
system at New Harmony. 

Marie D. Fretagest, teacher. 
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The educational efforts in this “New Moral World”’ were 
placed in charge of William Maclure, a retired merchant of 
Philadelphia. Maclure had visited Owen’s New Lamark Schools 
in Scotland on July 30, 1824. Owen started his Infant School 
in 1816 twenty-one years before Froebel’s Kindergarten. His 
sons went to a Pestalozzian School at Hofwyl, Switzerland. 
Owen made an effort to surround children with a favorable en- 
vironment where they would live close to nature. He believed 
that “the most necessary wealth is air, water, food, health, 
clothing, shelter, instruction, amusements, the affection of our 
associates and good society.” 

Maclure was enthusiastic over the Lamark visit and the pub- 
lic boarding school at New Harmony was patterned after 
Owen’s schools. T. H. Huxley, in a memorial speech said Owen 
retains as head of his Infant School a teacher who is illiterate 
and without professional training because “he does not know 
how to teach what is found in books, but he does know Nature 
and loves children, and by that love will bring Nature and the 
children together.’”? Maclure expressed his own opinion as to 
natural science in the New Harmony Gazette (1827, Vol. iii, 
p. 224) as follows: ‘‘The best, most useful, and cheapest past- 
time is the natural sciences, which can be practiced in all coun- 
tries and climates at the least expense of either money or morals, 
the pursuit of which are productive of health and liberality.” 

The arrival of the ‘‘Boat Load of Knowledge” at New Har- 
mony was the beginning of a new educational faith. It was the 
same educational philosophy that influenced Horace Mann, 
Louis Agassiz, and Edward A. Sheldon. The “object method”’ 
of proceeding from the known to the related unknown, of learn- 
ing by doing, of natural rewards and punishments, of character 
rather than knowledge, were New Harmony principles that were 
to be frequently heard in Normal schools in the early twentieth 
century. These doctrines still triumph. 

The idealistic society experiment at New Harmony progressed. 
In the Industrial school were taught taxidermy and agriculture. 
The community was visited by Audubon and Sir Charles Lyell. 
Dr. David Dale Owen (son of Robert) in June 1839 was ap- 
pointed United States Geologist with headquarters at New 
Harmony. He was instructed to survey the northwest territory. 
Colonel Charles Wittlesey and Leo Lesquereux, the fossil bot- 
anist, assisted at this first headquarters of the Geological Sur- 
vey. 
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Culture was centering about this little Indiana town but what 
about the state? As late as 1834 only one child in eight was able 
to read and the first free school in the capitol was not established 
until 1853. 

The report of superintendent George B. Stone of Indianap- 
olis for 1856-57 lists chemistry, physical geography, natural 
philosophy, and meteorology, in the first high school which was 
located in the old country seminary. In 1873 mental science was 
an innovation. 

It remained for state superintendent Frank L. Jones (1899- 
1903) to add to the elementary grades the subjects of local his- 
tory and nature study. He required schools “‘to do appropriate 
Arbor Day plantings on the last Friday of October.” 

Miss Rousseau McClellan, a notable teacher of biological sci- 
ences at Shortridge High School was offering what might be 
termed nature study (1898) long before anyone else in the cen- 
ter of the state. Although not a student of David Starr Jordan— 
that distinguished student of Agassiz—she felt his influence 
when he was at Indiana University. To her more than anyone 
else should be credited the background for elementary science 
in the Indianapolis schools. She had that something that Agas- 
siz’ pupils had and that others did not have—the seeing eye 
and the understanding heart. Miss McClellan taught nature 
study in the local normal school for years and many of her for- 
mer students have become authorities in the chosen field. 
Among the most notable is Joel Hadley, who is helping her to 
further the work at Shortridge High. In late years Elizabeth 
Downhour trained teachers in nature study at the City Normal 
until that institution was moved to the campus of Butler 
University. 

Today there are elementary science and junior high school 
science curricula committees—both under the able guidance of 
Virgil Stinebaugh of the headquarters staff. They are evolving 
a modern course in science for the public school grades. It is sig- 
nificant that they have discarded the textbook. After three 
years’ work a first draft of their efforts was published in mimeo- 
graph form in September 1935. In junior high the units of study 
are arranged in cycles of two years. 

Another Indianapolis institution of significance to the nature 
study world is the Children’s Museum. Although the large col- 
lection of materials is crowded in a dwelling house the loyal, 
hardworking staff is carrying on with extreme devotion. They 











406 SCHOOL SCIENCE AND MATHEMATICS 


have taken the children into confidence in the form of a Junior 
Board of Directors and their Annual Prairie Trek Expedition 
for boys is worthy of consideration by any enterprising museum. 
The annual report of the Expedition to the southwest is a log of 
adventure written by the boys. 

Indianapolis is progressive and Indianapolis lags. With 
twenty-five city parks it still lacks a zoo or botanic garden. The 
Conservation Department is providing excellent nature guide 
service but Municipal camps are absent. It can boast of thirty- 
three banks but the State Museum is limited to a ridiculous 
annual appropriation of $50.00. The State House offices have 
crowded a million dollar collection into the basement corridors 
and now the state automobile license bureau has pushed the 
specimens—dust and all into packing cases with ‘‘no plans or 
light for the future.” 

What the state possesses the city lacks. The free public 
boarding school at New Harmony antedated the free public 
schools of Indianapolis by twenty-seven years. Perhaps it is be- 
cause the state presents a Conservation Commission with its 
subservient divisions of forestry, parks, fish and game and ge- 
ology that the metropolis lacks the usual number of natural his- 
tory organizations so common in other cities, but what is more 
important Indianapolis does furnish abundant natural history 
commodities for its children and in the long run that is what 
counts. With the rearing of youngsters who are nature-minded 
it will not long be possible for the Bob White quail to be a song 
bird in Ohio and a game bird when he crosses the state line into 
Indiana. Curiously enough, matters are just the reverse when it 
comes to the pheasant which was introduced from the east. 
With its present educational policies Indianapolis and even- 
tually the Hoosier state will step up to a conservation common- 
wealth of the first order. 


SEALS DON’T EAT SALMON 


Fur seals off the Northwest Coast are apparently not enemies of salmon 
—their underwater playfellows—if an examination of stomach contents 
made by Leonard P. Schultz and A. Morris Rafn, of the University of 
Washington, can be taken as a criterion. 

The stomachs of 41 fur seals, killed for food by Indian hunters, were pre- 
served and their contents analyzed by the two research men. By far the 
greater bulk of the food taken by the seals consisted of squid and herring. 

“‘No bones or flesh of salmon were found,”’ they report. ‘‘Partly digested, 
pink-colored squid meat might have been mistaken for that of salmon if 
the structure of the flesh had not been carefully studied.” 


A GAY-LUSSAC GAS LAW APPARATUS* 


By W. RoscoE FLETCHER 
North High School, Worcester, Massachusetts 


Volume varies as absolute temperature if mass and pressure 
are constant. The conventionalized schematic diagram is not 
drawn to scale but is disproportionately large in its horizontal 
dimensions to avoid crowding and confusing of details, and to 
allow space for legends. It is here described in rather minute 
detail for those who wish to construct a duplicate with less 
study than I gave to it. You are challenged to improve upon 
it. 

B B’ B” is a glass tube preferably of uniform cross sectional 
area if volumes are to be proportional to lengths measured, or, 
if not, then calibrated; it contains the dry air subjected to 
change in temperature and volume. C C’ C”’ C’”’ is a water 
cistern, a glass tube 2” or more internal diameter, 40” long; 
D is a detent, pinchcock for holding column B’ B”’ J’ J; E is 
conct. sulphuric acid, desiccator, manometer filler; F, end of 
manometer, kept constantly open; G, inlet and G’ outlet valves 
of “pump”; I, stanchion; J J’ B’’ B, conct. sulphuric acid col- 
umn in manometer; L, inlet of acid (E) injector.; N, inlet of 
water circulatory system, N N’ N”’; N”’, outlet thereof; O, 
clamp, apparatus support; Q, rubber-bulb-double-action-lift- 
force-pump, produces ‘‘coerced convection,” a means of rapid 
temperature equalization; R, glass rod squarely ground at ends, 
plug for dry air column U B B’; S, rubber stopper, 3 holed; 
U, unions of rubber tubing joining ends of glass tubes, for flexi- 
bility and replacement; W, helix (not “spiral’”’) of electric 
resistance wire for heating water and dry air, 5 amps at 110 
volts; Y, Y’, Y’’, centigrade thermometers, their bulbs respec- 
tively at the top, middle and bottom of C C’’ C’”’ and secured 
in place upon a strip of sheet copper bent V- or U-shaped for 
rigidity; Z, drawoff for water in C C’’. The apparatus is held 
in position by two clamped cleats, O, (top and bottom) and 
supported upon a stanchion, I, the lower end of which is screwed 
into a heavy, iron base. 

Modus Operandi: To utilize the whole column B B’ B”’ 
(1000 mm) when near 100°C. and thereby reduce per cent varia- 
tions to a minimum: inject E into J J’ B”’ until B B”’ is 293/373 





* Exhibited at the meeting of the Eastern Association of Physics Teachers, Newtonville, Mass. 


December 14, 1935 
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of 1000 mm—assuming room temperature at 20°C.; plug B 
with R; air diffusion will soon effect its desiccation by acid 
surface B’; adjust free surfaces J and B’ to same horizontal 
plane by use of L and /or D; determine length and temperature 
of B B’. Fill C C’ C”’ C’”’ 0.9 full of water; complete the filling 
with ice or snow; manipulate Q until the lowest temperature 
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obtainable by this means is attained throughout the column of 
water Y, Y’, Y’’ showing like readings; again bring B’ and J 
to the same horizontal plane, thereby keeping the pressure 
constant; record length and temperature of B B’; remove re- 
maining ice; fill with water; with W W’, raise temperature of 
water to 35°C., etc. If temperature increments are about 10 or 
15°C., a graph of temperature-volume may be plotted, which 
projected “backward-downward” will approach with uncanny 
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closeness to zero volume and —273°C. An apparatus of heroic 
proportions lessens the liability of large percentage variations 
to a greater extent than the diminutive variety; e.g. the mini- 
mum gas column is (273/373) X 1000 mm = 730 mm. An error in 
measurement of 7.3 mm is only 1% error. 

As manipulated by students who have taken three or more 
semesters of Physics, this apparatus functions admirably. 


“WHEN THE BAROMETER GOES UP 
IT GOES DOWN” 


By H. D. Hatcu 
The English High School, Boston, Massachusetts 


The recent attempts to investigate the upper parts of the 
atmosphere focus attention on the relation of altitude and air 
pressure. Many books and teachers state that the barometric 
pressure decreases by one inch for a rise of 900 ft. Some give 
this without qualification and others admit it is only true for 
moderate heights. There is no especial difficulty in developing 
a formula much more accurate and reasonable by the method 
originally used by Laplace. 

The basis of calculation is the observed fact that for a given 
change in altitude, the pressure changes by a constant fraction 
of itself. For instance, at an altitude of about 3.4 miles the 
barometer reads one half of normal; 3.4 miles higher it reads 
one half its former reading etc. Thus we may say in terms of 
the calculus; 

ap 

r% Cp. 
Note the minus sign because the pressure and altitude change 
their magnitude in opposite directions i.e., the greater the alti- 
tude the iess the pressure. 

Rearranging and integrating: 


Bod ° 
f ‘ ae a i f ds which gives: log By—log B= —C(0—s) 
B p ~~ 


1 
s=— (log Bo—log B). 
C 


This is better written: s= K (log B) —log B) where s = the altitude, 
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B,=the original barometer reading, B=the observed barom- 
eter reading. 

The constant K depends upon the logarithm base and the 
average temperature; when the temperature rises, the air ex- 
pands, becomes less dense and a greater height is needed for the 
same pressure. Thus K varies directly as the absolute tempera- 
ture. 

By actual trial the value of K at 32°F. is 60,368* to get the 


height in feet. At any other temperature it is 60368 la 

32 +459 
123 (F+459). Now the formula becomes: S=123 (F+459) 
(log B,—log B). F is the average temperature and B the barom- 
eter reading in inches. 

This formula omits further corrections for humidity and lati- 
tude necessary for four figure accuracy; it is safe to say three 
significant figures can be depended upon. 

Example: When the barometer and thermometer readings 
at the base of a mountain are 29.9 in. and 70°F. and at the top 
20.8 in. and 40°F., what is the height of the mountain? 

S = 123(55+459) (log 29.9 —log 20.8) 
S = 123(514) (0.1576) =9964 ft. 
Ans. 9960 ft. 


* Smithsonian Meteorological tables 1931 Edition. 


A BOYLE’S LAW TUBE 


By GLENN Q. LEFLER 
Indiana University, Bloomington, Indiana 
AND A. L. FitcH 
University of Maine, Orono, Maine 


The Boyle’s Law apparatus, as here described, consists of auni- 
form bore glass capillary tube of approximately 100 centimeters 
length and 2 square millimeters cross-sectional area, sealed off 
at one end. The cross-sectional area is rather critical, and the 
tube has been found to function best when the area is 2 square 
millimeters. The tube contains a column of mercury some 30 
centimeters in length so placed that when its open end is up 
there remains an air column some 20 centimeters in length in 
the closed end. The tube may be calibrated in centimeters 
throughout its length or fastened to a meter stick which in 
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turn is mounted vertically on a friction pivot to prevent rapid 
rotation of the tube in order that the mercury will neither be 
separated nor thrown out of the tube. It is very necessary to 
use clean mercury and a clean tube. When the tube is not in 
use it is well to keep it turned open end down 
or to stuff a wad of cotton in the open end to 
prevent dirt from collecting within. With an 
ordinary amount of care in handling, the tube 
will function for four or five years without the 
mercury separating. 

In testing Boyle’s Law the volume of air is 
found from knowing the cross-sectional area of 
the tube and measuring the length of the 
closed air column for each setting of the circu- 
lar scale. The pressure is found by applying 
the following equation, 


P=(P,+h cos $)dg 


in which P,=barometric pressure in centi- 
meters of mercury. 
h=length of mercury column in __sBoyle’s Law Tube 
tube. 
¢@ =angle between position of tube and the vertical. 
d = density of mercury in grams per cubic centimeter. 
g=acceleration due to gravity in centimeters per 
second per second. 
Thus PV, in ergs, should be a constant. In operation the varia- 
tion of PV is usually within one per cent. 

Some advantages in using this type of tube are: (1) It is 
easily constructed and uses a small amount of mercury and 
equipment. (2) It teaches the use and application of the func- 
tions of an angle. (3) It teaches Boyle’s Law. 

This type of tube is in use in the freshman physics laboratory 
at the University of Maine. 








RARE MOUNTAIN ZEBRA NEAR EXTINCTION 


Only fifty or sixty of South Africa’s rarest animal, the mountain zebra, 
are left alive, and no funds are available for the further protection of the 
two small herds, Dr. E. L. Gill, director of the Cape Town Natural History 
Museum, has announced. 

A strict law for the protection of this animal was passed some time ago, 
but has never been strictly enforced, so that hunters have done their 
worst. There were 2,000 animals a few years ago, only fifty or sixty now, 
and this small fragment is apparently doomed. 








USES OF THE SAND TABLE IN INTERMEDIATE 
GRADE SOCIAL STUDIES 


By Maup B. LowENn 
Loring School, Minneapolis, Minnesota 


A sand table, to a social studies teacher, is like a pot holder 
to a cook, something to get hold of in an emergency. Like the 
holder, it must be right at hand when the need is urgent or it is 
of very little use. When the pot is at the boiling point, you need 
the holder; when the interest is at the boiling point, you need 
the sand table. Suppose the class has met the roofing problem 
of the Congo region. Which shall it be, steep or gentle slope? 
With one hand you reach for the sand table (I seldom keep 
mine more than five feet from my desk) and with the other you 
grope about for any flat surface that is available for your pur- 
pose, just as a cook will sometimes reach for the dish cloth as 
well as the holder. It turns out to be the shadow board whose 
upside down surface will shed water and not mind it. You slant 
the board above the table. You pour the water over the impro- 
vised roof and let the sand catch the overflow. The class watches 
the water run off a gentle slope; they watch it run off a steep 
slope. They decide that in the wet Congo country the steep 
slope will be best. Later, in the test, they do not try to recall 
vaguely what the book or the teacher said about Congo roofs. 
They remember the water flowing over those two slopes. 

A casual visitor, viewing the heap of sand in our table, may 
perhaps think regretfully of the sand table of yesteryear, the 
neat and pretty Bedouin village, for instance, standing un- 
touched for half a term. The children had worked hard to pro- 
duce it and they did not intend it to be disturbed. Our sand table 
is likely to be up-ended at any time. It is seldom neat and pretty, 
but we are often breathlessly interested in it. That heap of sand, 
for instance, to the more than casual observer, bears resem- 
blance to the slope of a steep mountain. A rough deep channel 
cuts down to the tray where the water is not yet dried from yes- 
terday’s demonstration. A pebble is imbedded in it halfway 
down, but unless you had been present yesterday, the table has 
but little meaning. 

Yesterday the class discussed the coast of Norway. It devel- 
oped that a youth, floundering through a recitation, in spite of 
his study of pictures and explanations in the book, still did not 
know a fiord from a funicular. The blank look of many others re- 
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vealed that he was not alone in his ignorance. A young ques- 
tion box who had surmounted that difficulty demanded with 
knit brows “how the coast got that way.” The sand table swung 
into action. An alert youngster darted out with the board wash- 
ing pail and returned with water. Under eager patting hands a 
mountain arose. The class crowded around tensely as a trickle 
of water started down the steep slope to the tray that was the 
sea. 

“Tt carries the soil with it.” 

“Oh, look how fast it digs a valley.” 

“Tt makes a waterfall over that pebble. It can’t wash the peb- 
ble away so it just falls over it.”’ 

“Now I see how falls are made,”’ remarked the deep thinking 
question box. 

“Tt spreads the sand at the bottom like a plain.” 

“Look, the sea is flooding over it. It’s coming up in the val- 
ley.” 

‘So that’s a fiord!” 

“Tt says in the book that a fishing village can be at the bottom 
of it. I don’t see how. There isn’t room.” 

“Aw, don’t you know that with a mountain this size a fish- 
ing village would be tiny? It could sit on that plain.” 

“No, it couldn’t.” 

“Yes, it could.”’ This in unison. “‘Didn’t you see in the book 
how small the houses are compared to mountains? They’re just 
dots.”’ 

“How far up does the sea water come?” 

“That depends on the current coming down.’ 

“‘Now I see why the walls are so steep.” 

“T see why there is always a river at the beginning of a fiord.”’ 

“‘The river made the fiord, silly.” 

‘Don’t you think I know that now?” 

Underlying principles of erosion and surface formation enough 
here for a week’s discussion. Keys to solve problems of moun- 
tainous countries all over the world. A foundation to guide their 
analytical thinking upon certain types of geographical condi- 
tions throughout their social studies. Yet this was but a heap of 
sand with a pebble sticking in a trough. 

The class divided upon the expediency of building railroads 
the length of the Norwegian coast. Some suggested bridging the 
fiords but they decided it would be hard to do and very expen- 
sive. To settle the question, they built the Norwegian coast in 
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the sand table, fiords and all, and measured around them with 
a string. They compared this string with the length of another 
representing the path of a coastwise vessel. They considered the 
difference in use of fuel between a mountain climbing engine and 
a boat engine. They settled their argument and were immensely 
delighted to find that the books agreed with them. 

A little later the children were taken to another room where 
hung a large picture of a fiord. Before the grandeur and dignity 
of that scene they stood spellbound, as reverent as through in a 
cathedral. They left the picture with reluctance. Would the il- 
lustrations and explanations in the books alone have produced 
that quality of appreciation? 

In the study of Holland the first hurdle arose with, ‘‘I don’t 
see how the sea could be higher than the land. It would run into 
the land.”’ 

“They have to block it out with some kind of a wall.” 

The well-informed young person is waving her arm off. She 
has read The Dutch Twins and knows the legend of Peter. 
“Dikes,” she finally shouts. It is well that she did not get it said 
before the class had thought the problem through. Someone vol- 
unteers to fix the table. The sea is built of sand with blue paper 
on top. The lowland is much lower, rising toward the back coun- 
try. The dike is built of sand, ‘‘only the real ones aren’t sand,”’ 
explains the committee, anxious not to be challenged on this 
point, “because sand would wash away.”’ 

“But,” objects the beginning of a future engineer, sweeping 
his hand over the lowland, ‘“‘all this was under water when they 
started. How do you build dikes under water?” 

They besiege all the bridge builders and contractors in the 
neighborhood to find out. The question of pumping arises. There 
is yet to be found a pump that will work in the sand table. We 
have had sawmills that really saw, trains that zig-zag up moun- 
tains, over bridges, and through tunnels, water-wheels that turn 
machinery, a funicular that operates with a string cable, and 
and promised, somehow one has never materialized. A siphon 
is as far as pumping has ever gone. 

The children want to put some boats on the sea. They plan 
to dig a canal and set up a windmill. They want to plant some 
grass and install some dairy cows. Somebody brings a Dutch 
porcelain milkmaid. The sand table is verging on the neat and 
pretty type. Something must be done. 
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“What is the windmill for?’’ asks the teacher. 
“To pump water into the canal.” 

“But the land has already been drained.” 
“Well, it rains.” 

“Does it rain that much?”’ 


After a while the blue paper and the windmill come up. Water 
is poured carefully upon the “‘sea.’”’ In time it soaks through 
underneath and comes up in the lowland. A triumphant reasoner 
has proved that his theory works. He figured it out, he says, 
from digging holes in the lake shore and watching them fill up 
with water. The windmill goes back. There is plenty of reason 
for it now. 

“Where does your canal go?”’ 

“Into another canal.” 

“Where does that go?”’ 

“Into the sea.”’ 

“How?” 


They study the sand table. The girls are all for tunneling 
from the canal through the lower part of the dike. The boys 
hoot at the idea. Water pressure is made clear to the girls, a bit 
scornfully. They talk about a “lifting pump.’ The book tells 
them how a canal is drained. They have all read the book before, 
but this problem had no meaning until the sand table vitalized 
it. 

With meat skewers for posts and all the spare pencils for fill- 
ing in, they construct a dike between two sand dunes to show 
how dunes are utilized with dikes as defenses against the sea. 
They build breakwaters “like the picture’ and test their ef- 
ficiency with glorious handmade waves. 

At last the blue paper sea goes back. Boats appear. Cows 
gather around the milkmaid. Canals have little gates. A tiny 
auto travels along the top of the dike. There is even a bed of 
cunning little paper tulips among the sprouting grass blades. 
Why not? The sand table has served its useful purpose. It now 
deserves to be a beautiful plaything. Days pass quickly. In no 
time at all it will be up-ended. They are going to study the Med- 
iterranean countries. They will need it to show that terracing 
is a good system for preventing erosion on a sloping mountain 
farm. When the pot of interest starts boiling again, the teacher 
will reach for the sand table. 








THE BOTANICAL MUSEUM 
PART III* 


By Epwin D. Hut 
Hull Botanical House, Gary, Indiana 


STEMS 


Stem Habit: This mount shows the erect (Phlox), prostrate 
(Carpet Weed), and climbing (Morning Glory) types of stems. 

Photosynthetic (Food-Making) Stems: This shows a Cactus 
(Opuntia) in which the leaves are scale-like, falling early, a stem 
of Horsetail (Equisetum) with functionless but persistent scale 
leaves, the scaleless stem of a Rush, and a cladophyll (Aspara- 
gus). 

Lenticels: This shows the young and old lenticels of the Paper 
Birch (Betula papyrifera); in the old stems lenticels are very 
prominent. 

Special Forms of Stems for Reproduction: This shows the 
following types of stems which are modified for reproduction: 
rhizome (Rush or Solomon’s Seal), runner (Strawberry), tuber 
(Potato), bulb (Onion), and corm (Crocus). The last three 
should be shown both whole and sectioned. All will be shown 
best in formalin. 

Bulbils Developing in Place of Flowers: The Onion, both wild 
and cultivated, will often show small bulbs developing where 
flowers would ordinarily occur. Formalin. 

Stems Modified as Tendrils: A branch of the Wild Cucumber 
Vine (Echinocystis lobata) will show certain stems developing 
as tendrils. The Virginia Creeper (Ampelopsis quinquefolia) is 
also excellent. 

Juvenile and Adult Stems: A seedling of the Prickly Pear 
Cactus (Opuntia) will show the rounded spiny stem of the 
juvenile, and the flattened, nearly or quite spineless stem of the 
adult stages. Formalin or dry, pressed. 

Mesophytic and Xerophytic Stems: The Stonecrop (Sedum 
acre), a small trailing plant easily obtained most everywhere, 
can be grown in a moist (mesophytic) habitat, and will show 
elongated stems with scattered leaves, and in a dry, sunny 
situation, where the stems will be short and with clustered 
leaves. Formalin. 





* Previous sections of this article appeared in November 1935 and February 1936 
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Buds: This preparation is to show the various types and 
positions of buds, as terminal and lateral buds (Cottonwood), 
terminal bud replaced by two laterals (Lilac), accessory (Oak), 
scaly (Cherry), naked (Witch Hazel), naked buds protected in 
development by base of leaf petiole (Staghorn Sumac (Rhus 
tvyphina)), opposite buds (Maple), adventitious buds (Flax 
seedling with hypocotyl severed just below the cotyledons), and 
winter buds of certain water plants, which with the seeds carry 
over the species during the inactive months (Common Bladder- 
wort (Utricularia vulgaris) or a species of Water Milfoil (M yrio- 
phyllum verticillatum pectinatum)). 


ROOTS 


Forms of Roots: This preparation shows prop (Indian Corn 
or Touch-Me-Not (Impatiens)), water (Water Hyacinth or 
Water Lettuce), air (English Ivy or Poison Ivy), adventitious 
(many creeping grasses), fibrous (grasses), tap (Dandelion), and 
aerating (Primrose Creeper (Jussiaea)) roots. Dry, pressed or 
formalin. 

FLOWERS 


Transition from Petals to Stamens: The flower of a Water 
Lily (Castalia) shows a gradual transition from petals to 
stamens. 

Cleistagamous Flowers: This shows an entire plant of a 
Milkwort (Polygala polygama), with underground colorless and 
closed flowers, and aerial colored and open flowers. In many 
violets following the showy flowers are small minute ones which 
never open, but are fertile in contrast to the others. In a Globe 
Tulip of California (Calochortus amabilis), easily grown from 
bulbs which should be planted in the fall, the flowers are all 
showy, but the petals strongly overlap and never open. That 
this flower is self pollinated is proved by the fact that seeds are 
readily produced indoors, where there are no insects, and a 
large percentage will germinate. Dry, pressed, or perhaps the 
last two in formalin. 

Inflorescences: This shows the various types of inflorescence, 
as solitary (Violet), axillary (some Mints), raceme (Shad Bush 
(Amelanchier canadensis)), panicle (some grasses, especially 
Panicum), corymb (Hawthorn), umbel (all members of the 
Parsley Family (Umbelliferae)), cyme (Elder (Sambucus)), 
spike (Plantain), and head (all Composites). 
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Insect Pollinated Flowers: This shows the various ways in 
which flowers are attractive to insects, as showy corolla (Violet), 
showy involucre, the flowers themselves inconspicuous (Flower- 
ing Dogwood (Cornus florida)), and spurs containing nectar 
(Garden Nasturtium or Bladderwort). The lurid spathe of the 
Skunk Cabbage, with the appearance and odor of decaying 
meat, should also be shown, both entire and in longitudinal 
section. 

Wind Pollinated Flowers: This shows the inconspicuous 
flowers which are not attractive to insects, the pollen being dis- 
persed by the wind. Flowers in catkins well illustrate this, as 
the Cottonwood. 

FRUITS 

Unipistillary Fruits: This shows the various types of fruits 
developed from a single pistil, as capsule, ordinary type (Eve- 
ning Primrose), capsule, follicle (Columbine), capsule, legume 
(Bean or Pea), schizocarp (Maple), akene (all Composites), 
grain (Corn), nut (Acorn), berry (Grape), pome (Apple), and 
drupe (Plum). The dry fruits can be mounted in that condition, 
the fleshy ones in formalin, or they can all be mounted in 
formalin. 








Spore dispersal by wind and water in mosses, Polytrichum (at left) 
and Fontinalis. 


Aggregate Fruits: This is a cluster of fleshy fruits all borne 
together on a single dry receptacle (Raspberry). Formalin. 

Accessory Fruits: These are dry fruits partially imbedded in 
a fleshy receptacle (Strawberry). As in the aggregate fruits they 
should be shown whole and in longitudinal section in formalin. 
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Multiple Fruits: These are the fruits of many flowers, all 
blended into a whole, resembling superficially a single fruit. 
The Pineapple is a large fruit of this type; a small one is repre- 
sented by the Mulberry. These are best shown in formalin. 
Another very good one, of medium size, is the Skunk Cabbage, 
which can be shown dry. All fruits should be shown both whole 
and in section. 


DISPERSAL OF PLANTS 

Spore Dispersal: This is a comparison of spore dispersal by 
wind and water in two mosses. In a land form (Polytrichum and 
others) the spore capsule is long stalked and terminal, suited 
to wind dispersal, while in an aquatic form (Fontinalis) it is 
nearly sessile, and borne laterally on short branches, suited to 
dispersal by water. The two should be displayed together in 
formalin. 

Seed Dispersal by Propulsion: The Witch Hazel (Hamamelis) 
is the classic plant to show this feature. A dry mount can be 
made of the opened capsules and the smooth-coated bony seeds. 
More remarkable even is the Squirting Cucumber, noted in the 
Family Cucurbitaceae, but this will probably be hard to obtain. 
Common plants showing dispersal by propulsion, but not so 
good as the above, are the Violet, Lupine, and Wild Geranium. 
These can be mounted dry without pressure. 

Seed Dispersal by Wind: Many capsules act as a sort of 
pepper box, the fine seeds being shaken out by the wind 
(Meadow Beauty (Rhexia)). Other forms of this method of dis- 
persal are winged seeds (Catalpa), winged fruits (Maple, 
Ailanthus, Ash), dry fruits subtended by bracts (Linden), 
tufted seeds (Milkweed), and tufted fruits (many Composites, 
as Dandelion). Dry in Riker Mount. 

Seed and Vegetative Dispersal by Water: This shows a fruit 
with air chambers in the spongy pericarp (Bur Weed (Spar- 
ganium)), an inflated involucre (Sedge (Carex)), corky ex- 
pansions on the dry fruit (Pickerel Weed (Pontederia)), spongy 
seed coat (Iris), seeds floating by means of a sac-like aril (Water 
Lily (Castalia)), seeds imbedded in a receptacle, which breaks 
off and floats, slowly disintegrating and allowing the seeds to 
escape (Lotus (Nelumbium)), winter buds of certain water 
plants (Elodea, Utricularia, Myriophyllum), and small floating 
tubers of a Water Lily (Castalia tuberosa). These can be shown 
dry or in fluid. 
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Seed Dispersal by Animals: These are of two types, attach- 
ment and edibility. Fruits with appendages adhering to the 
coats of animals are illustrated by the Cocklebur (Xanthium), 
Burdock (Arctium), Bur Marigold (Bidens), and Avens (Geum). 
Edible fruits are usually conspicuous by their color or lack of it; 
such are white fruits (Red-Osier Dogwood (Cornus stolonifera)), 
red (Flowering Dogwood (Cornus florida)), blue (Junipers of 
various species, especially the Red Cedar), and yellow (Buffalo 
Bur (Solanum rostratum)). Dry fruits are best shown in that 
state, the others in formalin. 

Self-Planting of Seeds. This shows a fruit of the Porcupine 
Grass (Stipa spartea), with sharp point and long awn. The awn 
is hygroscopic, and by its twisting forces the fruit into the soil, 
corkscrew fashion. Dry. 


INSECTIVOROUS PLANTS 


These have been noted to some extent in a discussion of the 
families. Their great interest makes it advisable to bring them 
together in a group. Three types of the insectivorous habit can 
be seen. The first is formed of the Pitcher Plants, of which 
the most available is probably the Northern Pitcher Plant 
(Sarracenia purpurea), also found in the south. A formalin 
mount is advisable, or a dry mount will do. One leaf should be 
shown entire, and another in longitudinal section, in order to 
show the remains of insects at the bottom of the pitcher. A 
leaf of the very curious California Pitcher Plant (Darlingtonia 
californica) should be included. In this case the pitcher is pro- 
vided with a brightly colored “‘fish-tail’’ appendage, serving as 
a lure for insects. The second group is shown by plants with 
glandular sticky hairs. Of these the simplest are the Butter- 
worts (Pinguicula), fairly common in bogs in the south, and 
one species in the northern U.S. and Canada, still other forms 
in Europe. The leaves are densely covered with small glands, 
which give a buttery appearance, but are too small to be seen 
without a lens. The Sundews (Drosera) are the commonest of 
this group. Here the glands are conspicuous as long colored 
hairs. All members of the second group can be shown dry or in 
formalin. All insectivorous plants so far mentioned are readily 
kept in the bog terrarium. The third division is represented by 
plants with trap-like mechanisms. The most available of these 
are the Bladderworts (U¢ricularia), common in many localities 
in quiet water. The leaves are provided with small submerged 
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traps, which act on the principle of a mouse trap which catches 
the animals alive. Some of these plants may be kept in aquaria, 
probably the best one being U. minor. The most remarkable 
plant in this division is the Venus Fly Trap (Dionaea musci- 
pula), found in restricted region near Wilmington, North Caro- 
lina, and an isolated area in South America. The traps are 
aerial, are composed in reality of the blade of the leaf, and oper- 
ate on the principle of the steel trap, being provided with 
sensitive hairs, which act as triggers, and interlocking teeth. 
Show dry or in fluid. It is easily kept in the bog terrarium. An 
aquatic plant of Europe (A/drovanda) is similar in nature. 


ECOLOGICAL GROUPS 


There are discussed here only the elementary ecological divi- 
sions, namely, hydrophytes, mesophytes, and xerophytes. 

The hydrophytes are more or less aquatic. An adequate 
preparation would show a rooting, entirely submerged species 
(Crisped Pondweed (Potamogeton crispus)), a rooting specimen 
with both submerged and floating leaves (American Pondweed 
(P. americanus)), a rooting plant with all floating leaves (Water 
Shield (Brasenia Schreberi)), floating plants with roots (Duck- 
weed (Spirodela polyrhiza)), floating plants without roots 
(Liverwort (Riccia fluitans)), and a rooting plant with all the 
leaves aerial (Umbrella Plant (Cyperus umbellatus)). All of them 
can be kept some time at least in aquaria. They can be mounted 
dry, pressed. 

The mesophytes form most of the plants of ordinary observa- 
tion, including both wild and cultivated forms. A preparation 
should show a branch of a tree or a shrub, such as the Elm and 
Lilac, in both summer and winter conditions, an herbaceous 
plant as the Trillium, which exists in winter only underground, 
and an evergreen plant as Hepatica. Likewise should be shown 
a mesophytic annual and biennial, and woodland forms of 
lower plants as ferns, liverworts, mosses and lichens. Dry, 
pressed. Many of these forms are readily grown in the terrarium 
given the environment in which they live. 

The xerophytes are plants adapted to prevailing dryness. 
There should be shown a fleshy plant in which the leaves are 
reduced to scales, as in all Cacti except one genus, a fleshy plant 
with developed and functional leaves, as members of the genus 
Sedum (Stonecrop), and a plant which is not fleshy but densely 
covered with protective hairs, such as the Silver Sage (Artemisia 
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frigida), and the Edelweiss (Leontopodium alpinum), likewise a 
plant with a very short growing season, most of the year living 
only underground, as the Bitterroot (Lewisia rediviva), state 
flower of Montana. On exposed rocks, etc., will be found some 
xerophytic ferns, mosses, and lichens; representatives of these 
should be included. Dry, pressed, or the fleshy forms perhaps 
better in formalin. A desert terrarium including the above men- 
tioned plants or others can be made. 


THE RIGHT ANGLE SLIDE RULE 
By Oscar G. FRYER 

Physics Department, Indiana University, 
Bloomington, Indiana 


The slide rule shown in Fig. 1 can be used for two purposes. 
First, all trigonometric functions can be found on it and second, 
any problem involving the relation of the sides of a triangle 
can be solved by its use. 














TEE EPLEL Eee 
= 








H, seasoned walnut board 250 cm. X10 cm. X2 cm. on which is pasted a 
paper metric scale. 

N, a similar board bevelled on one side with a metric scale pasted on this 
bevel. 

A, bolt through slots in H and N for adjustments. 

L, “hypotenuse” sliding scale 275 cm. X3 cm. X1 cm. 

D and E, slides held in place by friction springs. 

M, indicator marked on celluloid face. 
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O, pivot where L is fastened to slide, D. 

S, protractor fastened rigidly to slide, D. 

R, brace with slot at B for adjustment. 

P, P, hooks to fasten instrument to wall. 

Fastened to slide, E behind, is a guide which holds sliding scale, L flush to 
the back of the upright, N. 

Scale on base, H, numbered from A; on N numbered from A; on L num- 
bered from O, 


To find the trignometric relations: For the sine or the cosine 
of an angle, adjust the instrument so that the sliding scale, L 
will read one meter when the protractor is set on the angle 
whose sine or cosine is wanted. Now read off the sine on the 
vertical scale, N and the cosine on the horizontal scale, H. For 
the tangent, set the indicator, M on one meter and adjust the 
slide, E until the protractor, S shows the angle required. Now 
read off the tangent on the vertical scale, N. (It may be neces- 
sary to set M on 10 cm. for large angles.) The method for getting 
the other trignometric functions or co-functions is obvious. 

It is primarily for the second use mentioned above that this 
instrument was designed. It is indispensable for solving alter- 
nating current problems where resistance, inductance, and 
capacitance are involved. A sample calculation of a simple 
network will illustrate the point. 

The equivalent impedance as shown in the network of Fig. 2 
is, 


(1) Zeg= At 


This equation is easiest solved by using the notation of the 
complex number, viz., expressing the vectors in rectangular 
coordinates when adding or subtracting and in polar coordinates 
when multiplying or dividing. Taking values from the figure: 


(2) Z:=7.07+i7.07 i= V/-1 
(3) Z2=8+i6 
(4) Z;=5—i8.66 


The first operation is to multiply Z, by Z;. To do this one 
must write Z, and Z; in the polar form from De Moivre’s 
Theorem, 


(5) Z2 = 8+ 16 = \/8?+6? ec = 10¢ite™ *(6/8) = 10 438-8 


(6 is the angle between the hypotenuse, 10, and the base, 8. 
Since tan 6=6/8, 6=36.8 degrees.) 
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(6) Z3>= 5- 18.66 =v 5°+-8. 66? eitan —1(—8.66/5) — 10¢*(—60 
Z2.Z3 = 10e***-8 XK 10 e*—®) = 100 ¢4 (36-860) 
= 100e* 3.2), 


Equation (7) must now be divided by Z:+Z; but Z:, and Z; 
must first be added in the rectangular form, then changed to 
to the polar form for division. 


(7) 





2 











. Fic. 2 





8 Z2+2Z3=8+16+5—18.66=13—12.66 
(8) = 132+ 2.66? eitan '(—2.66/13) — 13. 2Rei(—11.6)_ 
Zele 100¢%(—23-2) 
es FSA i(—23.9411.6 
‘ Z2+Z3 13.28e * 11 .6) 
(9) 


= 754e8(-11-6) 


Equation (9) must be changed back to the rectangular form 
before adding it to Z;. This is done by using the relation, 


R=7.54 cos (— 11.6) =7.38 (base) 
X 








’=7.54 sin (—11.6) =—1.52 (vertical side). | 
Therefore, | 
~~... | 
(10) =7.38—i1.52 
Z,+Z3 


and 
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Z,:+>——_ =7.074+17.07+7.38—11.52 


(11) 


Equation (11) shows that the total impedence Z,, has 14.45 
ohms pure resistance and 5.55 ohms inductance. 

To solve the above problems by the slide rule, for equation 
(5) set the slide, D, with its indicator, M, on 8 and run slide, 
E, up until the sliding scale, L, cuts N at 6. Now read off 10 on 
the sliding scale, L, and angle 36.8° on the protractor, S. Ob- 
viously equations (6) and (8) can be solved the same way. 

To change from the polar to the rectangular coordinates, as 
is obtained on the sliding scale, L, when the protractor is set on 
11.6°. Now read off 738 on the base scale, H, and 152 on the 
vertical scale, N, and point off the decimal places. 


PRIESTLEY (1733-1804) 
By Sr. M. AcnesgE, N. D. Norwalk, Ohio 


Joseph Priestley was born at Fieldhead, near Leids in Yorkshire, in 
1733, of humble parentage. He suffered from delicate health until the age 
of twenty, and hence was mainly self-educated. He entered the ministry 
and evidenced the ‘curiosity of the true natural philosopher.’” 

His inductive mind developed a system of experimenting which was de- 
cidedly peculiar. A tenacious advocate of the phlogiston theory, he an- 
nounced his most famous discovery, ‘“‘dephlogisticated air,” which was 
really oxygen on August 1, 1774. Without his researches, the brilliant ex- 
planation of combustion made by his contemporary, Lavoisier, to whom 
he reported his discovery during a visit to Paris would at least have been 
deferred. 

Priestley typifies the intellectual energy of his country. “Socially ostra- 
cized for his political and religious views, views which seemed to him the 
necessary outcome of his scientific mode of thought,’”? he was forced to 
flee with his family, when his enemies in a state of frenzy, burned the home 
and laboratory of their scientifically inclined minister. The persecuted 
scientist took refuge in the United States, where he was kindly received. 

Hampered by deep-rooted belief in phlogiston, the mentally alert, 
though physically tired, seventy-one year old scientist, died at his home in 
Northumberland, Penn., unaware of the real significance of his astounding 
discovery. 


1 Jaffe, Bernard. Crucibles, New York: Simon and Schuster, 1930. p. 63. 
2 Downing, Elliot R. Teaching Science in the Schools, Chicago: University of Chicago Press, 1925, 
p. 109. 
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By Ruby M. GRIMES 
North Dakota Agricultural College 


In this discussion I shall try to show that mathematics, like 
godliness, “is profitable unto all things’’ and for all people, at 
least with the one restriction, for all people of normal intelli- 
gence. This is, I know, in contradiction to the ideas of many 
people, some of them unfortunately prominent in education. 
But I hope to be able to persuade you that this sweeping claim 
is justified. 

Let us consider first, mathematics for students. Perhaps it 
seems paradoxical to discuss mathematics for the student of 
mathematics, but it may be pertinent to inquire where our fu- 
ture students of mathematics are to come from, or how any la- 
tent mathematical talent may be discovered in the high school 
student, with no mathematics required for graduation from our 
high schools. Too many times the student is neither required 
nor encouraged to take mathematics, so why should he? The 
path of least resistance is always appealing to mortals, and our 
high school student is no exception. No one warns him that by 
this omission of mathematics from his high school course he is 
closing the doors to many trades and professions before him and 
making the opening of many others so much more difficult. No 
one shows him that he is leaving one great field of human 
thought—the most beautiful in its abstractions, the most satis- 
fying in its completeness, the most thrilling in the audacity of 
its conclusions and accomplishment—entirely unnoticed and 
unexplored. No one, by the fire of his own enthusiasm, kindles 
the enthusiasm of the student. Let me add, parenthetically, 
that this is the only way enthusiasm for mathematics is engen- 
dered—it is highly contagious. We require our students to study 
history, to know something of the political thoughts of man and 
to read about his wars and to enumerate his battles. Is it not 
quite as necessary that he should know some of the history of 
the world’s thought in its most abstract form? Is not the de- 
velopment of a symbol as interesting, properly taught, as the 
development of a cell or the development of the idea of states’ 
rights? Is not the history of intellectual victories quite as thrill- 
ing as those more bloody? Pythagoras and his right triangle, 
Gauss and Argand conquering and mapping the hitherto un- 
known “Country of the Imaginaries,” to use but two of the 
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countless possible illustrations—are they not just as interesting 
and nearly as valuable to mankind, although perhaps somewhat 
less picturesque, as the conquests of Alexander the Great, 
Pizarro, or even Captain Miles Standish? Then why not give 
our high school students an equal chance at both? 

This is not a plea to make specialists in mathematics out of 
every high school student. Far from it. Every mathematics 
teacher knows that could not be done anyway. It is merely a 
plea that the boys and the girls in our high schools shall be 
given the opportunity to investigate, under competent guid- 
ance, mathematics for themselves, and then to decide whether 
or not further work in it is desirable. 

Mathematics, with astronomy, is the oldest science, and as 
such its elementary fields are most completely explored. Prep- 
aration for advanced work in mathematics, or in any of the 
fields of applied mathematics in other sciences, from the very 
nature of the subject matter of mathematics, its correlation and 
continuity, takes more time and more elementary work than is 
required in many other fields. If, after the completion of his 
high school course, the student discovers a need for mathemat- 
ics, it is almost impossible for him to go back and make up the 
lack then. The process of acquiring elementary training in 
mathematics without a teacher, or outside of school, is very dis- 
couraging and almost impossible to any but the exceptionally 
gifted and determined. 

Are we not, then, closing multitudinous doors of opportunity 
if we fail to teach mathematics for the student of mathematics? 
It has been asked, ‘‘What value has mathematics for the man 
who will sell shirts and collars, or what use is it in ditch digging?”’ 
Aside from the ability to make correct change or select correct 
sizes, probably the answer should be that mathematics has 
nothing direct to contribute to the shirt and collar man. But 
just as one farmer maintained that the ability to quote Milton 
shortened the length of the furrow on a hot day, so a few age- 
less thoughts from some of the great mathematical minds of the 
ages might enliven the tedium of other routine. And it might 
even be that a knowledge of more mathematics could keep one 
from remaining a “shirt and collar man’’ indefinitely. As to 
mathematics and ditch digging—that job has been completely 
revolutionized by the application of mathematics to the princi- 
ples of design and mechanics in the construction of the steam 
shovel. 
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The whole idea of determining, as has too often been done, how 
much mathematics shall be taught in our schools or colleges, or 
how much mathematics anyone but a technical student needs 
to get along in the world, by investigating the amount of math- 
ematics used by various adults some years removed from school, 
is on the face of it absurd. In one such recent investigation the 
author asked 682 parents of school children to answer the fol- 
lowing question: ‘‘Aside from business or vocational needs, have 
you ever had occasion to use problems like these since you left 
school?”’ And on the basis of the answers to this questionnaire 
he attempts to find “‘an objective in arithmetic for the present 
and coming generation.”’ Omitting for the present any comment 
on the incorrect English, we may be allowed to criticize his 
method of securing data. He says, “The writer collected copies 
of all the arithmetics now on the market and those that have 
been in use in the last quarter century.”’ Rather a large order, 
and we may be pardoned for wondering just how thoroughly it 
was carried out, since the list of texts from which problems were 
selected was not given with his report on his findings; which 
were, briefly, that 85% of the arithmetic now taught “‘is super- 
fluous in life situations.”” One does not wonder he reaches these 
conclusions when his list of problems is scanned. Most of them 
certainly were out of date 50 years ago, and just as certainly can- 
not be found in any arithmetic published in the last five, no, nor 
the last twenty, years. The mildest comment one can make on 
such absurdities is that they are worthless, and any mathemati- 
cian or real educator knows it, but they do do much harm with 
“the man on the street.’ Such a study ignores completely the true 
value of arithmelic—that is, the development of a number sense, 
the feeling of mathematical relations—and puts all the emphasis 
on problem solving as an end in itself, not as the means to real 
arithmetical comprehension. Two other things neglected in such 
an investigation are: first, the unconscious use of arithmetic by 
many people and their inability to analyze and recognize it as 
such; and second, the lack of recognition of situations where they 
should haveused arithmeticand did not, owing to theirignorance 
of the subject. We might use arithmetic, geometry, or even cal- 
culus to solve a problem where the person ignorant of the sub- 
ject would see no such implications. One might as correctly rea- 
son that because the Eskimo or the African savage does not use 
modern medicine, he would not be benefited by it and he there- 
fore should be forever cut off from its use! 
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This process of elimination, if carried to its logical conclusion, 
will make of any course, in any department of the curriculum, an 
infinitesimal which is approaching zero at a rapid rate with an 
increasing acceleration. Because some pupils fail to get parts of 
a course, eliminate these! Teach the curtailed one. Will all the 
pupils get it? Then eliminate the difficult parts. Repeat the proc- 
ess indefinitely and we can soon eliminate the teachers, too. 
Because a student learns little, teach him less! One might think 
logic would suggest teaching him more. 

One of the arguments sometimes advanced against the study 
of mathematics is that there have been cultured civilizations 
without it, and these objectors cite Greece and Rome as ex- 
amples. It is true culture may be possible without mathematics, 
but is not one more cultured with it? Culture may be possible, 
but how about science? Greece and Rome had their cultures 
without mathematics except Euclidean geometry, true, and also 
without the radio and the automobile, the aeroplane and the 
steam engine, the skyscraper and the ocean liner. If we are to 
hold up as an ideal culture the Roman, or even the loftier Greek, 
we should have to eliminate all the complexities and most of the 
comforts of modern civilization, along with Einstein’s theory of 
the universe. It is impossible to turn back the hands of the clock. 
We cannot go back to an ancient culture and live in a modern 
world. However much pain it may cause some people to con- 
template, mathematical discoveries have been made, truths 
established, and practical applications woven into our civili- 
zation too closely to be amputated. 

In this connection, has anyone ever heard of the person who 
lost his ‘‘job” or failed to advance or to secure a coveted position 
because he knew too much, either of mathematics or any other 
subject? But have we perhaps heard of those who failed be- 
cause they knew too little? Even of mathematics? It is the place 
of education to open, not to close, the gateways to a larger life. 

Specifically let us consider a few of the other sciences to the 
understanding of which, at least beyond their elementary 
phases, mathematics is fundamental. You will at once think of 
physics and chemistry, no doubt, but since their connection 
with mathematics is so much more widely acknowledged, I wish 
to discuss others where the mathematical foundations are not so 
evident. For example, economics. Professor Irving Fisher of 
Yale is undoubtedly one of the best known economists in the 
country, so let me merely quote or paraphrase him in relating 











430 SCHOOL SCIENCE AND MATHEMATICS 


the part mathematics has to play in economics. ‘The handicap 
of mathematics in social sciences is that there are so few trained 
in both lines for such study,”’ and this particularly applies to 
the use of vector analysis, which most of us think of as being 
confined to physics and mechanics. “Occasionally and increas- 
ingly the ideas and notations of the differential and integral 
calculus are applied by mathematical economists and statisti- 
cians.”’ Most of the mathematics used, however, is algebra, and 
‘The human mind has never invented a labor-saving machine 
equal to algebra.” 

Mathematics is applied to the social sciences in four not 
wholly distinct ways: (1) Pure economics; (2) “‘Smoothing’’ 
statistics; (3) Correlation; and (4) Probabilities. Most econo- 
mists no longer object to mathematics but are themselves mak- 
ing increasing use of it. Mathematics gives command of a mar- 
velously terse and exact language in which general relations and 
short processes of economic reasoning may be expressed. The 
point of diminishing returns, the price which the traffic will bear 
to make maximum profits, are economic problems easily ana- 
lyzed by elementary calculus methods. To a person familiar 
with mathematics there is no confusion between a high price and 
a rising price, yet these have been confused in many economic 
discussions. 

The question as to whether or not a problem is determinate 
does not arise in the minds of people unskilled in mathematics. 
But it would save many a would be scientist hours of useless 
labor if he would express the conditions of his problem in equa- 
tions and then see if their number is equal to the number of un- 
knowns sought. The concept of economic equilibrium, in which 
many factors act on each other to produce this equilibrium, is 
a new idea in economics borrowed from mathematical physics, 
and this is one of the chief contributions of mathematics to eco- 
nomic theory today. Much misunderstanding now existing 
among economists as to what determines the rate of interest and 
other magnitudes in economics could be cleared up if each would 
express himself mathematically; whereupon, it becomes clear 
that each of these economic magnitudes can be regarded as 
one of the forces—not the only force—producing this equilib- 
rium. Mathematics helps analyze time relations and clears up 
the confusion of capital and income. In the terminology of calcu- 
lus; one is x, and the other Ax. 

Smoothing of statistical data, fitting of formulas and curves 











WHY MATHEMATICS? 431 


to statistics has been the means of developing mortality tables, 
the basis of the calculation of life insurance premiums. Actuarial 
science is a development of the formulas for capitalization and 
discount, as applied to annuities, combined with the intro- 
duction of the probability element based on mortality statistics. 
It is essentially an analysis of interest and risk. It could be, and 
perhaps some day will be, applied to other economic problems. 

The third group of mathematical work in social sciences, the 
development of correlation, is closely associated with the name 
of Karl Pearson (University of London). His correlation co- 
efficient has become almost a classic. Professor Warren Persons, 
formerly of Harvard, has worked out correlations showing the 
inter-relations of various economic phenomena in such a way as 
to predict business conditions. In the analysis of probability, the 
most important.application for economics and statistics is prob- 
ably index numbers. 

Let us consider briefly the contributions of mathematics to 
‘Biology. ‘‘The most general contribution of mathematics to the 
natural sciences is the affording of an exact and easily workable 
symbolism for the expression of ideas.’’ Mathematical methods 
economize effort, time, and space. Mathematical thought pro- 
ceeds in a straight line from a peak of observation to a peak of 
conclusion without having to plod thru the valley of experi- 
mentation below. Nothing else expresses so much in so compact 
a form as a mathematical formula. Important as they are, these 
contributions are exceeded in importance by the training 
afforded by mathematics in drawing exact conclusions from 
given data. Biologists with necessary preliminary training in 
Mathematics will recognize possibilities of mathematical ex- 
pression of observed phenomena and conclusions therefrom, 
utilizing the beauty, brevity and power of the mathematical 
formula. A biologist was once facetiously described as ‘‘Man 
with scientific aspirations and inadequate mathematics.’’ This 
is no longer true. The final and most forceful argument for 
mathematics in Biology is the service already rendered. Math- 
ematics has advanced with biology in two somewhat distinct 
ways, first through physics and chemistry and second, through 
biometry. Biophysics and biochemistry are now ranked as in- 
dependent sciences. Because of the quantitative and therefore 
mathematical nature of physics and chemistry any investiga- 
tions of biology which include the other two must include their 
mathematics. 
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In the field of biometry the names of Francis Galton and Karl 
Pearson “lead all the rest.’’ Their formulas for the analysis of 
the highly variable data of biological observations make pos- 
sible more scientific conclusions. Mathematical treatment of ob- 
served data in any field is always necessary for scientific inter- 
pretation. 

There are still many people who question the value of math- 
ematics in agriculture, and it would be improper to indulge here 
in a lengthy argument. Suffice it to say that at present agricul- 
tural study may be divided roughly into two divisions, (1) 
Agricultural Science and Organized Research, and (2) Agricul- 
tural Engineering. Under (1) is Agricultural Biochemistry, Soil 
Science, Biological Science, and Agricultural Economics. All that 
has been said about biology and economics in general apply to 
the last two. And for all of them, the educator and investigator 
in any of these lines of science today demands that students 
specializing in these fields, and others assisting them in research 
work, shall be strongly fortified in mathematics, at least through 
calculus and frequency distributions. For the worker in genetics, 
especially, geometric progression, the binomial theorem, etc., 
are absolutely essential. 

Agricultural engineering is, like all engineering, founded on 
mathematics and physical science, and it may be considered 
the broadest—not the thinnest—type of engineering. It em- 
braces farm structures, farm mechanics, and land reclamation. 
It is interesting to note that the first Doctor’s dissertation in 
agricultural engineering was on ‘‘A Study of the Plow Bottom 
and its Action on the Furrow Slice,” thirty-four pages long, 
twenty-four of which were pure mathematics! The classifica- 
tion and requirements outlined above are due to Professor Roe 
of the Department of Agriculture, University of Minnesota. He 
says further: ‘It has always been difficult to understand the an- 
tagonism displayed by many people to the idea of acquiring 
mathematical knowledge and understanding. For whether or 
not one recognizes or acknowledges the fact, we live in a scien- 
tific cosmos in which the fundamental governing forces all act in 
accordance with definite law. Hence no one can escape the con- 
tinued influence of mathematical principles in his life experi- 
ences, no matter how much he may claim or seek to do so. How- 
ever, we must recognize this antagonism among a large number 
of people. It seems, therefore, reasonable to assume that the 
simpler and more directly applicable to the problems of life 
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mathematics can be made to appear to the public mind, the 
more successful we will be in overcoming this antagonism. In- 
terest in hare and hound problems may wane, but where would 
tractor, radio, or airplane be today but for the mathematical 
principles in their design, construction, and operation—har- 
nessed and put to work by the mind of man?” 

Other sciences usually thought of as having little or no use 
for mathematics are pharmacy, medicine, dentistry, and nurs- 
ing. Nearly every pharmacy school today has a course in phar- 
maceutical mathematics. The teachingof applied mathematics in 
these curricula has come about in recent years, according to Dr. 
Spease of the School of Pharmacy, Western Reserve, and is due 
rather to a growing consciousness of the importance of the sub- 
ject than to the unpreparedness of the students. He says, “It 
appears today that the weakness of the student coming to us is 
in simple arithmetic and algebra, and yet the applied math- 
ematics is more easily taught than it was fifteen years ago.” 
Draw your own conclusions. He presupposes for the study of 
medicine, dentistry, or pharmacy, grade and high school math- 
ematics (three years), plus a college course including algebra, 
trigonometry, and analytic geometry, and for some the year of 
calculus in addition. ‘‘Any student who is not properly prepared 
in mathematics will experience difficulty in any of these four 
professions. The best advice that a high school teacher can give 
a boy or girl planning to enter one of these is to take all the 
mathematics his high school offers. I do not say that a student 
who has not had all this mathematics will fail in these professions. 
I do say I have never known one who has had such work to fail, 
and I do know that the student who is good in mathematics and 
who has taken much of it finds his professional work much 
easier.”’ To the student who cannot master relative sizes, vol- 
umes, and weights and other measures, and who does not have a 
mental picture of the fundamental units, such things as the ca- 
pacity of bottles or laboratory glassware constitute a never- 
ending problem—to say nothing of dosages by the medical, 
pharmacy, or nursing student, It is interesting to note here 
that old-fashioned alligation still has to be taught in some 
pharmaceutical courses because state boards demand it. Dr. 
Spease would have more arithmetic in high school as prepara- 
tion for his students in these four lines. He would add one-half 
year advanced or review arithmetic to the usual three years of 
high school mathematics. ‘‘Some writers upon mathematics 
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have felt that a knowledge of mathematics and an ability to 
think do not necessarily go hand in hand, and that the former 
does not tend to develop the latter; but those of us at this end 
of the scale are usually fairly certain that when we get a student 
who is a good student in mathematics and well-grounded in his 
subject most of our troubles fade into nothingness so far as he is 
concerned. May I add that I do not believe in applications of 
any kind until after the fundamentals have been taught.” 

In any discussion of values or uses of mathematics, two mod- 
ern applications of increasing importance must have a place. 
These are statistics and investment. Statistical method might 
be likened to a telescope, through which we can study larger 
fields than would be visible to the naked eye. As any inquiry 
includes larger masses of individuals, and the nature of the in- 
quiry becomes more precise, it is inevitable that the data and 
conclusions shall assume numerical form. ‘“‘The more advanced 
the sciences have become, the more they have tended to enter 
the domain of mathematics, which is a sort of center toward 
which they converge. We can judge of the perfection to which 
a science has come by the facility, more or less great, by which 
it can be approached by calculation.”’ We all know how individ- 
ual temperament and personal prejudice color our observations. 
As Dr. Guy puts it, ‘“‘The ‘sometimes’ of the cautious is the 
‘often’ of the sanguine, the ‘always’ of the empiric, and the 
‘never’ of the skeptic, while the numbers 1, 10, 100, and 1000 
have the same meaning for all mankind.” Statistical method is 
grounded in statistical theory, and the theory is the mathemati- 
cal, statistical method applied to other sciences, and the correct 
use of this theory is to interpret data gathered in a particular 
field. So to be used correctly, the user must know the limitations 
set up by the originator of the theory or formula, and whether 
these assumptions or limitations are applicable to his data. 
Otherwise, absurdly incorrect results may be obtained. And it is 
in just this point that the weakness of many so-called statistical 
investigations lies. The theory has been applied to data to which 
it was never meant to apply. Either the research worker does 
not know the mathematical theory well enough to recognize the 
assumptions upon which his procedure rests, or his is not sufh- 
ciently at home in the field of research to pass upon the validity 
of those hypotheses. The expert in statistical theory needs also 
a wide knowledge of the field to which he would apply the 
theory. In pure mathematics a formula once proved states a 
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law which applies with absolute immutability to each individ- 
ual of the group. All we need to know is that the object or quan- 
tity or variable or equation belongs to the group about which the 
formula has been established. Then the individual must of ne- 
cessity obey that law. In statistical method the very opposite is 
true. It describes trends and general characteristics of the 
group, from which trend or trends any one individual may dif- 
fer as widely as possible. As to the mathematics needed, let me 
quote from Miss Helen Walker (Teachers College, Columbia 
University). ‘‘The student who goes beyond the first stages in 
his study of statistical theory, and who attempts to read the 
original memoirs in which important derivations are set forth, 
will find that he needs to know integral calculus, differential 
equations, theory of probability, a great deal about the con- 
vergence of series, function theory—in fact any form of math- 
ematical analysis which he has studied will be of ultimate use.” 

As to the mathematics of the Theory of Investment, the 
small amount necessary has been known for centuries, and ever 
since 1202 A. D., at least, problems along the lines of investment 
theory have been proposed. Here is one of that date: “‘A certain 
man puts one denarius at interest at such a rate that in five 
years he has two denarii, and in every five years thereafter the 
money doubles. I ask how many denarii he would gain from 
this denarius in 100 years?’’ In mathematics of investment 
there is very little theory and very much application. It is in 
reality a part of the more extended field of actuarial science. In 
spite of the elementary character of the subject (to quote Pro- 
fessor Hart), its long history, and great practical importance, 
American schools have been slow to offer courses in it and to 
move it down to more elementary levels. In its present aspects 
college courses are not more than fifteen years old. Until then 
textbooks were lacking, but, headed by Skinner’s (Wisconsin) 
Mathematics of Investment, a great variety of textbooks have 
been published since. Due to the increasing complexity and 
commercialization of our civilization, the mathematics of in- 
vestment is becoming a very popular and valuable branch of 
mathematical study. 

The contributions of mathematics to astronomy, physics, 
and chemistry have purposely been left to the last for considera- 
tion. I shall not discuss them in detail at all because the con- 
nection of mathematics with these sciences, and their depend- 
ence upon it, is not questioned by even the extreme critics. If 
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time were available it would be intensely interesting to trace 
some of the contributions and uses of mathematics in these 
sciences from the days of Archimedes to Einstein. Mathematics 
is an almost universally recognized part of the foundations for 
each, but because of the more common knowledge of such uses 
of mathematics we will pass over it here. 

Keyser says, “Every major concern among the intellectual 
concerns of man is a concern of mathematics.’’ Change is the 
one unchangeable law of life, of growth. With the processes of 
change every human being, no matter what his intellectual 
equipment, must deal. The processes of change are governed 
by Law. To discover laws of change is the end of science, and 
in this mathematics leads the way, for mathematics consists 
largely of the study of functions, the ways in which changes in 
one thing (what if we do name them variables) produce changes 
in others. Science without mathematics would surely be ‘““Ham- 
let” with Hamlet left out. On the other hand, ‘‘the claim of 
pure mathematics to the attention of scholarly mankind is 
like that of art, in that it is grounded in the innate love of 
beautiful things and in the innate human joy in originating 
them. It is creative.’’ It is so much more than its applications; 
it “is now and ever shall be.”’ As the best thinkers of the world 
have held from the time of Plato to the present, all the appli- 
cations of mathematics are valuable, but they are not its heart. 
Why do we not stand up and proclaim what all of us know— 
that the ‘Study of mathematics fosters careful, accurate, sus- 
tained thinking, stimulating the while thinking itself.” It 
strengthens the reason, develops the power of generalization, 
cultivates the imagination, and brings one face to face with 
truth. It was Spinoza who said that had mathematics—unlike 
history and politics—not been independent of personal interest, 
the world would never have known truth. It is mathematics as 
art and not as industry which draws the mathematician. As 
Judd says, we will never get power into our mathematics teach- 
ing or from our students until we cease to regard arithmetic as 
a “tool” subject and regard it as the “left hand of learning.” 
The definition of arithmetic given in the old books is “Arith- 
metic is the science of numbers and the art of computation.” 
We are too often looking at the latter half of the definition only, 
and assuming a part is equal¥to the whole, when we decry 
teaching this or that because the student doesn’t need it. The 
science of numbers cannot be comprehended in one problem, 








— 
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nor one type of problem, nor in one year. It is the study of a 
lifetime. Mathematics is a subject of eternal values—the truest 
picture of the working of the mind of God and the picture of 
the truest working of the mind of Man. 





PROBLEM DEPARTMENT 


ConpuctTED BY G. H. JAMISON 
State Teachers College, Kirksville, Mo. 


This department aims to provide problems of varying degrees of difficulty 
which will interest anyone engaged in the study of mathematics. 

All readers are invited to propose problems and to solve problems here pro- 
posed. Drawings to illustrate the problems should be well done in India ink. 
Problems and solutions will be credited to their authors. Each solution, or 
proposed problem, sent to the Editor should have the author’s name intro- 
ducing the problem or solution as on the following pages. 

The Editor of the department desires to serve its readers by making it 
interesting and helpful to them. Address suggestions and problems to G. H. 
Jamison, State Teachers College, Kirksville, Missouri. 





SOLUTIONS AND PROBLEMS 


NOTE. Persons sending in solutions and submitting problems for 
solutions should observe the following instructions. 

1. Drawings in India ink should be on a separate page from the 
solutions. 

2. Give the solution to the problem which you propose if you have 
one and also the source and any known references to it. 

3. In general when several solutions are correct, the one submitted 
in the best form will be used. 





LATE SOLUTIONS 
1417. Lloyd Walker, San Jose, Calif. 


1418. Kenneth L. Cook, Glencliff, N. H., David Blackwell, University of 
Illinois, H. Hansen Smith, Isadore Chertoff, Bayonne, N. J. 


1420. David Blackwell, H. Hansen Smith, University of Iowa. 


1422. H. Hansen Smith, Isadore Chertoff. 

Epiror’s Note: From Tiruvilwamala, Cochin State, India, G. S. N. 
Ayyar sends several solutions to problems. This magazine is pleased to 
have a contributor from so far away and trusts that others may join us 
even though their solutions will in some cases be late. The late solutions 
from Mr. Ayyar are for problems: 1406-8, 1411-5, 1418-20, 1422. 


1414. Solutions were sent in plenty of time by W. R. Smith, Chicago, and 
John N. Meighan, Harpers Ferry, but editorial carelessness prevented 
proper credit for which apologies are offered. 


Epiror’s Nore: Below is given the first solution offered to 1416, 
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1416. Proposed by Cecil B. Read, Wichita, Kansas. 


In a givencircle inscribe a triangle such that its 3 sides shall pass through 
three given points. 


Solution by G.S. N. Ayyar, Tiruvilwamala, India (Cochin State). 


. Let P, QO, R, be the 3 given points, and ABC the required triangle. 

. Draw the chord BL parallel to OR. Join LC and produce it to meet OR 
in M. 

3. Then ZAQR= ZABL= ZACM., 

Hence A, Q, C, M are concyclic. 

and .. OR: RM =AR- RC =constant, for R is a fixed point. 


No — 





4. Hence M isa fixed point. 
: . In the triangle BLC the side BC, LC pass through fixed points, ? 
and M respectively, and the 3rd side is parallel to OR. 
. Draw the chord BN parallel to PM. Let LN cut PM in T. 
6. Then Z2PTL=ZBNL= ZBCL. 
.. P,T, C, Lare concyclic and 
“. MT-MP=MC- ML =constant (for M is a fixed point). 
. Hence T is a fixed point. 
Now BL and BN are parallel to fixed lines QR and PM respectively 
8. and .. Z NBL is constant (= ZQMP). 
9. And .. chord NL is of fixed length. 
Hence NL touches a fixed concentric circle and also passes through the 
fixed point 7. 


nm 
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Hence the following construction: 


1. Join OR and produce it to M such that OR- RM =the rectangle con- 
tained by the segments of any chord through R. 

2. Determine the point T on PM such that MP- MT =the square on the 
tangent from M to the circle. 

. Determine the length of chord of the circle subtending ZOMP. 

4. Draw the circle (concentric) touching the middle point of this chord. 

5. From T draw the tangent LTN to this locus circle, cutting the given 
circle in L and N. 

6. Draw NB parallel to MP cutting the circle in B. 

7. Hence draw the triangle. 


Nore: Dr. Casey in his Sequel to the First Six Books of the Elements of 
Euclid, Part I suggests a solution to the problem, by taking three false 
positions and finding the double points of the two homographic systems 
of points. (Please vide p.138 of his Seguel—Dublin.) 
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1424. Proposed by Charles W. Trigg, Los Angeles. 


A cylindrical glass tumbler, 3” in diameter and 6” high is half filled with 
water. If the glass if }” thick, to what angle with the horizontal may it 
be tipped without spilling any water? 


Solution by W. E. Bucher, Leetsdale, Pa. 


The inside dimensions of the cylinder are 2}” in diameter and 5j” in 
altitude. 

If the glass is half full, the water will be at the point of spilling when the 
glass is tipped so that the surface of the water is a plane intersecting the 
extreme top and bottom of the cylinder at diametrically and diagonally 
opposite points. The angle easily found to be tan-' 47/22, or something over 
64° 55’. 

Solutions were also offered by A. J. Patterson, Wheeling, W. Va., and 
W. R. Smith, Chicago. Mr. Smith observes that the surface tension will 
necessitate a greater tipping before the water will spill. 


1425. Proposed by George Lunsk, Philadelphia, Pa. 


Two trains 200 feet long and 152 feet long are running at uniform rates 
on parallel tracks. They pass each other in 3 seconds when running in 
opposite directions and in 12 seconds when running in the same direction. 
Find the rate of each train. 


Solution by Charles W. Trigg, Cumnock College, Los Angeles. 


The total distance of the relative movment of the trains in passing equals 
the sum of the length of the trains, or 352 ft. 
Let x =the rate of one train in feet per second, 
and y =the rate of the other train in feet per second. 
3y =352 —3x 
12y =352+12x. 
Solving, we secure x = 44 ft./sec. =30 m.p.h. and y = 734 ft./sec. = 50 m.p.h. 
Solutions were also offered by Kenneth P. Kidd, Sweetwater, Tenn., 
W. E. Buker, Leetsdale, Pa., A. J. Patterson, Wheeling W. Va., W. R. 
Smith, Lewis Institute, Chicago, H. Hansen Smith, University of Iowa, 
J. P. Schmucker, Webster Groves, Mo. and H. Brandt, Chicago. 


1426. Proposed by Norman Anning, University of Michigan. 
Show that for n, a positive integer, x" —nx+(n—1) is divisible by 
(x —1)?. 
First Solution by W. E. Buker, Leetsdale, Pa. 
x" —nx+(n—1) =x" —1 —n(x —1) =(x—-1)[(av "4-277 4+ --- 41) —2n1] 
= (x —1)%[ x7? +2273 43x44 --- +(n—2)x4+(n—1)], 
which is evidently divisible by (x —1)*. 
Second Solution by Charles W. Trigg, Cumnock College, Los Angeles. 
f(x) =x" —nx+(n—1). fl) =1-—n+n—-1=0. 
f' (x) =nx" —n. f'(1) =n—n=0. 
Hence, (x —1) is a factor of both f(x) and f’(x), whereupon (x —1)? is a 


is a factor of f(x). 
Solutions were also offered by J. P. Schmucker, Webster Groves, Mis- 


souri, A. J. Patterson, Wheeling, W. Va., and H. R. Mutch, Glen Rock, Pa. 
and Isadore Chertoff, Bayonne, N. J. 


1427. No satisfactory solutions have been offered. 
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1428. Proposed by F. A. Cadwell, St. Paul. 
If a+b+c=d+e+f and a+d=b+e=c+f, then a?+0?+c? =a? +e? +/?. 
Solution by H. D. Grossman, New York. 

Proof: Let a+b+c=d+e+f<=8S. 

Then a+d=b+e=c+f=28S. 

“.d =2S —a, e=2S —b, f=2S—c. 

“+e? +f? =(2S —a)?+(2S —b)?+(2S —c)? 
= 12S?—4S(a+b+c) +a?+0?+¢? 
= 12S?—4S-3S$ +a?+?+c? 
= g? +5? +2, 

Solutions were also offered by M. W. Keller, Troy, Ohio, Maxwell Reade, 
Brooklyn, David Blackwell, University of Illinois, Charles, W. Trigg, Los 
Angeles, H. Brandt, Chicago, H. Hansen Smith, University of Iowa, A. J. 
Patterson, Wheeling, W. Va., W. E. Buker, Leetsdale, Pa., Isadore Cher- 
toff, Bayenne, N. J., and the proposer. 


1429. Proposed by Lester Dawson, Wichita, Kan. 
Arrange the digits 0,1, . . - ,9 into two mixed numbers whose sum is 100. 
Solution by Charles W. Trigg, Cumnock College, Los Angeles. 











TABLE I 
pee ay l ‘ ae : 
| Integer Sets Fraction Sets Fraction Values 
98 | 1 | 72/360 | 4/5 | 1/5 4/5 
5/40 | 63/72 1/8 7/8 
3/42 | 65/70 | 1/14 |} 13/14 
as aaealainaanenss ; —— ee ’ 7 
7/32 | 50/64 7/32 | 25/32 
| 4/35 | 62/70 | 4/35 | 31/35 
iceleanct a trot aise 
97 a 3/6 | 54/108 
| 4/8 | §3/106 
| 4/8 65/130 | 1/2 | 1/2 
| | 5/10 | 34/68 | 
| 5/10 | 43/86 | 
6/18 | 30/45 1/3 | 2/3 
35/140 | 6/8 | 1/4 | 3/4 
—E - -| —E . a _ - 
3/15 64/80 | 
3/15 48/60 | 1/5 | 4/5 
36/180 | 4/5 
34/85 6/10 | 2/5 3/5 
| 3/8 65/104 | 3/8 | 5/8 
96 3 2/4 85/170 | 1/2 | 1/2 
95 4 3/18 60/72 | 1/6 | 5/6 
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TABLE II 














Integer Sets | Fraction Sets Fraction Values | 
98 |o1 | 3/6 | 27/54 | wt | 

| | ye | "45/63 | ye | hile: a) 

~ 97 lor! 173 | 56s | 173 | "| 
95 [os | 1/2 | 38/76 es 4/2 | - eh 
—3/7~—«d| «(16/28 | ary, a | 47 

| a | 63/722 «| «1/8 | 778 | 

| 37 12 | 3/6 &| 45/90 | “42,—~«d~S 12. 
ae fas | is | as | us | as 
| | | 9/45 | 8/10 | | 
| 75 [2s | 36 | os | 12 | a2 | 


This investigation will be restricted to the identification of pairs of num- 
bers, each composed of an integer and a proper fraction, whose sum is 100, 
and such that the numbers together shall contain the ten digits once each. 
Thus the sum of the fractional portions of the numbers is unity, and the 
sum of the integral portions is 99. Since no two digits may add to 19, we 
are restricted to pairs of twos which total 9, i.e., the distinct combinations 
formable from (0, 9), (1, 8), (2, 7), (3, 6) and (4, 5). These yield 5-4/1-2 
or 10 available number sets, of which only seven prove to be eligible. The 
digits not included in a specific set must be manipulated to form the two 
fractions whose sum is unity. 

To facilitate the discovery of the fractions we list the integral multiples 
of the integers in parallel columns and from these extract all fractions of a 
desired set, (e. g., 1/3+2/3) which are composed of distinct digits. Evi- 
dently these may be listed in two columns and their extent limited by the 
fact that the two fractions together must contain six digits, or if zero is a 
member of the set they may contain seven digits. Hence no fraction may 
contain more than five digits. Furthermore, no denominator of a fraction 
when reduced to lowest terms may be a multiple of 10 nor may it be greater 
than 49. 

Now the sum of the ten digits and the sum of the integral portions of the 
desired numbers are divisible by 9, so the sum of the digits in the two frac- 
tions must be divisible by 9. By casting out 9’s we get the residues modulo 
9 of the sums of the digits of the eligible fractions and thus may pair 
quickly the fractions from the two columns, at the same time avoiding du- 
plication of digits. The digits not present in the fractions secured in this 
fashion must form one of the available number sets previously developed 
for the integral portions. In this manner, we secure the tabulated values, 
which constitute all such numbers. 

Each combined set in Table I will yield 2-2 or 4 number pairs, e.g., 
98 5/40+1 63/72=98 63/7241 5/40=91 5/40+8 63/72=91 63/72 
+8 5/40 =100. So Table I includes 4-19 or 76 number pairs. Similarly 
Table II includes 2-2-2-10 or 80 number pairs. Hence there are exactly 
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156 pairs of numbers each composed of an integer and a proper fraction 
and whose sum is 100. 

Solutions were also offered by W. G. Sparks, Port Arthur, Texas, W. E. 
Buker, Leetsdale Pa., H. Brandt, Chicago, Wayne Randolph, Rapid City, 
S. Dak., J. B. King, Corsica, Pa., and the proposer. 

Epitor’s Note: The problem as stated suggests that the digits be used 
in two mixed numbers whose sum is 100. Several solutions came without 
this restriction, such as 9?+10+7.5 —3.8 —6+4 =98/2+56/4430.1+47 
=5-8-2434+7+46+4+4+1—-—9° =100. 


HIGH SCHOOL HONOR ROLL 


The editor will be very happy to make special mention of high school 
classes, clubs, or individual students who offer solutions to problems sub- 
mitted in this department. Teachers are urged to report to the Editor such 
solutions. 

For this issue the Honor Roll appears below: 


1425. Wayne Potter, Walter Houghton, Dorothy A. Rausch, Walter 
Schahk, and Vernon Anderson—all from Waukegan (Ill.) High School 
—*‘Euler 17”’ Club, Corsica (Pa.) High School. 


1428. George Callendine, Wheeling (W. Va.) High School. 


1429. John McKinley, Emery Kerr, Elmer Cowan, Haward C. Burgoon, 
Lawrence Summerville, Ernest McDowell—all from ‘‘Eulers 17’’ Mathe- 
matics club, Corsica (Pa.) High School, Peter Van Egmond, and Paul 
Holfer, both from Standford (Mont.) High School, Charles Krane, Chris- 
ty Kuemmerle, Andrew Mitsak, Andrew Feduskd, Joseph Bend and 
Charles Wilson—all from Leetsdale (Pa.) High School, Mildred Gear- 
hard, Lorraine Young, Elisabeth Weber, Alia Drollinger and Rosemarie 
Norman—all from St. Mary’s Academy, Milwaukee. 


PROBLEMS FOR SOLUTION 
1442. Proposed by J. A. Berry, Wiley, Colo. 

The two upright portions of the letter ““N” consist of rectangles 4 in. 
high and 1 in. wide. The cross portion is a parallelogram 1 in. wide. If 
the entire width of the letter is 4 in. Find the area of the three portions of 
the letter. 

1443. Proposed by Howard D. Grossman, New York. 


A cow matures and has a calf at the end of its third year, and then has 
one thereafter every year for 20 years. Each calf matures and has a calf of 
its own at theend of the third year and one each year thereafter for 20 years. 
Find the number of cows and calves at the end of 20 years. 


1444. Proposed by W. E. Buker, Leetsdale, Pa. 
Solve in positive integers 

a+b ++ +e =/f*. 

1445. Proposed by Cecil B. Read,"Wichita, Kan. 


Find, without use of the calculus, the minimum positive value of 2 cos x 
+sec x, 
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1446. Proposed by Maxwell Reade, Brooklyn. 


In triangle ABC, lines CE and BD meet at O, with point Z on segment 
A, B, and D in segment AC. Find the relation between angles DEO and 
OBC, the relation between ED and BC and prove AB: AC =AD: AE. 


1447. Proposed by S. I. Jones, Nashville, Tenn. 


A telephone pole is 40 feet high. It is 20 inches in diameter at the base 
and tapers to 6 inches in diameter at the top. If a vine grew around the 
pole every 24 inches, how long is the vine? 


SCIENCE QUESTIONS 
April, 1936 


Conducted by Franklin T. Jones, 10109 Wilbur Avenue, 
Cleveland, Ohio 


Readers of SCHOOL SCIENCE AND MATHEMATICS are asked to contribute: 
Questions, Answers, Comments, Suggestions—W hatever is new or interesting 
in the teaching of Science. 

Wanted—Your mid-year examination papers. Thanks! Mail them.— 
Do it now. 


SHADE OF ARCHIMEDES! 


Sir Oliver Lodge upon reading ‘‘Nut No. 50” (January 1936, SCHOOL 
SCIENCE AND MATHEMATICS) is reported to have materialized the shade of 
Archimedes and with the able assistance of Hugo Brandt of Chicago as scribe 
obtained “‘ Archimedes Own Solution”’ to the problem of Hiero’s Crown. 


(We elect Hugo Brandt to the GQRA. His number is 133) 


Nut No. 50, being 732, proposed by I. N. Warner. (GQRA, No. 56.) 

Hiero, the King of Syracuse, gave his goldsmith 14 lb. of gold and 3} 
lb. of silver with which to make a crown. The goldsmith finally made the 
crown, weight 17} lb. and delivered it to the King. Hiero suspected that 
the goldsmith had substituted silver for gold so he gave the crown into 
the hands of the philosopher, Archimedes, to determine if possible, the 
exact truth about the two metals in the crown. 

By experiment, Archimedes discovered that the specific gravity of 
gold alone is 19} and that of silver 10}, while the specific gravity of the 
crown was only 143. 

What then were the real weights of gold and silver in the crown? (Did 
Archimedes know algebra?) 


ARCHIMEDES’ OWN SOLUTION 


I have what you want, I think, and from the best authority, too. For 
last night, Archimedes himself appeared to me in a vision, and being shown 
“Nut No. 50” and interrogated as to his original researches, the old sage 
delivered himself as follows: 

“T readily perceive what you Neo-cosmopolitans mean by ‘lb.,’ to wit: 
the weight-unit, and that your ‘specific gravity’ means ‘weight-units 
per space-unit,’; some say it means multiples of water density, so that a 
metal with specific gravity 20 weighs 20 times as heavy as an equal space 
of water, whatever that space may be; but especially the space-unit, 
which, full of water, weighs 1 lb., but, full of the metal, weighs 20 lb. 
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Now if 20 lb. of that metal occupy one space-unit, 1 s.-u., then 1 lb. 
occupies 1/20s.u which I call the pound-space of that metal. If gold, silver 
and the false crown have 19}, 103 and 143 as specific gravities, or in frac- 


t eee 1 2 thei | tl a 1 ; Th 
ns —-» — and —— >» their pound-spaces are, then, => >; and =>. re 
ions — ro, g ’ their pound-spaces are, then, >> 37 and 77> ere 
4 8 ‘ti J ‘ 
was 14 lb. of gold, with a space of 14-=> =77 Su rhere was 3-> lb. of 
4é “ 
= 1 





silver, with a space of 3 aT] = 


i) 





; = 24+11 35 
crown with a space i+3/)7 = 3; S.-u. But there was a crown 





33 3 
an , _.-1 8 140 a 
of i> Ib. with a space of i> T= s.-u. The true crown has 
35-39 1365 a 140-11 —— : 
3-11-30 “3-11-39 5 The false crown has 3-11-39 73-11-39 SU it oc- 


cupies more space, and there’s the rub, Now how could I tell from this 


diff 1540 —1365 _ acm ‘ he fait] 
iflerence: 3-11-39 3-11-39’ 10w many pounds of silver the faith- 
less goldsmith (may Zeus’ thunder crush him!) had substituted forYan 
equal weight of the king’s gold? I could tell in 4 wise: 

If he had taken 1 Ib. of gold, occupying * s.-u., and substituted 1']b. 





2 2 4 
of silver, occupying a7 Su this fraud would have added (i) 
< - 4d 





.22= 12 10 sie 
ST 37d to the true crown space. But the actual addition, 
2. 
175 , , ‘ 
is a multiple of just as the exchanged pounds 


3-11-39’ 3-7-11° 


are a multiple of the assumed 1-lb, change. Hence he had exchanged 


175 ae 
11-39 175-7 245 11 si — 
10 "30-10 7 78 lb. or 3=> Ib. That is: instead of 14 lb. he used 


7-11 





14 —3+4 = 104% lb. of gold; instead of 3} Ib. he used 34+344 =6#¢ lb. of 


67 4 66 
silver. The space of that gold is 0x = a7 the space of that silver is 





50 2 74 , 66+74 140 
6¥5°57 "777 both together making a crown of ST a s.-u., which, 
we had _prev iously found, a 17} lb. crown of specific gravity 14§ will 
occupy. 


Thus saying, the sage, tired by the long speech, began to disappear. I 
shouted after him: “But did you know algebra, Archie, old top? That’s 
what the boys want to know!’’—Back came the unsatisfactory answer 
from beyond the clouds.-—‘“‘You see, I didn’t need it here! Xause!” 
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Algebraic Solution by Kenneth P. Kidd. (Elected to GORA, No. 131), 
Sweetwater, Tenn. 


Let x =wt. of gold in crown 
y =wt. of silver in crown 
“x+y =173 


wt. of object 
wt. of water displaced 





specific gravity = 


, wt. of object 
wt. of water displaced = bei 


Sp. gr. 
x  y 173 
193 * 104 143 





70—4y 2y 280 
~ a ) 


77 21 


117(70 —4y) +429(2y) =140(77) 
8190 - 468y +858y = 10780 
390y = 2590 
y = 6.64 lb. silver 
x = 10.86 lb. gold. 


ARCHIMEDES KNEW ALGEBRA!!! 


Answer by Professor George H. Jamison (GQRA, No. 82), Mathematics 
Problem Editor, ScHooL SCIENCE AND Matuemartics, Kirksville, Mo. 

“You ask me as to whether Archimedes knew algebra. I am quite sure 
that he did. In fact, we know that he had the idea, in mind, back of the 
differential calculus. He must have had a very remarkable intellect for he 
had so few of the mathematical tools and yet had such a profound concep- 
tion of its fundamental principles.” 


Smith’s Hist. of Math. V.I p. 111 ff. shows clearly that Archimedes 
knew algebra. He knew that a™-a"=a™**. He was the first te give a sys- 
tematic treatment of certain series. He could solve the cub.. equation. 
One man said of him, “his genius was more divine than human’’—Great 
man, he was!!—G.H.]J. 





WONDERFUL IF TRUE!! 


746. Sam Otis, Plain Dealer (Cleveland) Sports Editor, has a daily column 

entitled ‘‘It’s New to Most of You.” He said (Feb. 21, 1936): 

“Golf balls have an internal pressure of approximately one-and-a-half 
tons.” 

Who knows the facts about golf balls? 

Is golf so hard because the driver has to oppose a force of ‘“‘one-and-a- 
half tons’’? 

(Sam is drafted into the GORA. His number is 134.) 
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CORRECTION FOR MENISCUS? 


747. Proposed by Joseph M. Synnerdahl, Ph.D. (Elected to GORA, No. 

129), Saint Xavier College, Chicago, Ill. 

Oftentimes, in chemistry courses, a graduated cylinder is used for 
measuring the volume of a sample of gas when it is collected over water. 
One must, of course, read the lower edge of the meniscus. This introduces 
an error of twice the volume of the water which is above the lower edge of 
the meniscus. There should be some relationship between this error and 
the diameter of the cylinder. Can anyone supply the equation which 
will connect the diameter with this error? 





WANTED 


748. E. L. Huber, Lima Public Schools, Lima, Ohio (GQRA, No. 132) 
asked in 1930 for ‘‘a true-false test covering electricity.”’ He has waited a 
long time. Please send in such a contribution. 


749. Proposed by James Ashley (Elected to GQRA, No. 130), Salmon, 

Idaho. 

1. How do the elements 57-71 (rare earths) fall in line in the Periodic 
Tables of the elements? 

What groups do they fall in across the table? 

Do these rare earth elements conform to the electronic theory, which 
states that each succeeding element has one more electron than one pre- 
ceding it? 

2. If known, what are the valences of Alabamine (Ab), Actinium (Ac), 
Proto-actinium (Pa), and Rhenium (Re)? 

3. What is the atomic weight of Masurium (Ma)? 

“If these questions are at all answerable, I would be glad to hear from 
you. 


A USEFUL (!) USE FOR BEER 


750. Proposed by Kenneth P. Kidd (GQRA, No. 131), Sweetwater, Tenn. 
How is it possible to crystallize beer for use in decorating display 
windows? Can mica be used as a base? 


‘“‘LEFT-HANDED” SHOVELLING 


751. Proposed by Jerome L. C. Formo, (GQRA, No. 102), Augsburg College, 

Minneapolis, Minn. 

One question that has been troubling my mind for some time is this: 
What is meant by left-handed shovelling? Is one shovelling left-handed 
if he uses his right hand nearest the shovel and his left hand on the end 
of the handle or vice versa? Is left-handed shovelling analogous to left- 
handed pitching, i.e. using a pitchfork as in pitching hay? 

I have done some observing on all sorts of people and find that right- 
handed people use a shovel or pitch-fork in either manner and so like- 
wise with left-handed people, according as they have used the shovel or 
fork in actual work. Then again there are some people who are quite 
decidedly either right-handed or left-handed and yet use a shovel equally 
well in either manner. So you see that I am ina quandary as to the solution 
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to this perplexing problem. I would appreciate an answer from some of 
your readers who can give some definite authority and proof. 


LIFTING POWER 


752. Proposed by John C. Packard (GQRA, No. 1), Brookline, Mass. 

“Try this on the Juniors.” 

“Hydrogen (in a balloon) has nearly twice as much lifting power as 
helium.” (From a popular magazine.) 

Sometime, then, we may discover a gas with so much lifting power 
that a balloon, as small as a handbag, may suffice to support a man in the 
air. Why not? 

(Professor Formo’s clean-cut answer to No. 760, in the November 
1935 issue, did my soul good. I agree with him.) 





753. Proposed by Kenneth P. Kidd, Sweetwater High School, Sweetwater, 

Tenn, 

“T have been trying to make up an electrical stunt for entertaining 
purposes. I am sure this stunt will work well and mysteriously: but have 
been unable to construct it. 

Below is a rough sketch of the hook-up: 


To AC source B A © eI 








-Lamp 
fastened 
EDD OB BRDEDIADDI) moreerercertree) on small rod 











' Hollow tube inside 
Light in ® series 
with coil B’to prevent short 


When A is inserted into tube B around which is wound a wire carrying 
AC, the light C must burn. No contact is made between wire on A and 
that on B. This operates on same principle as transformer. 

Do I need a condenser on induction coil? Must the hollow tube B and 
the rod A be metal? Can you help me soon?” 

Readers are asked to send suggestions direct to Mr. Kidd. The Eprror 
is putting the question up to one of the most ingenious apparatus men in 
The Ohio Bell Telephone Co. 
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BOOK REVIEWS 


New Introduction to Biology, by Alfred C. Kinsey, Professor of Zoology and 
Waterman Research Associate, Indiana University. 864 pages, 502 illus- 
trations. J. B. Lippincott Company, Chicago. $1.69 list. 

This text is a second edition of the author’s Introduction to Biology. 
As its predecessor, this book reflects the interests of the author in the out- 
of-doors. It places emphasis upon animals and plants as living things in a 
world with definite factors placing limiting conditions upon development 
and distribution. The teacher who believes that morphology should be the 
basis of organization of the high school course in biology will not find this 
text suitable for his type of course. On the other hand, the teacher who 
desires to develop in his pupils understandings about living things and 
their inter-relationships will be interested in this book. The traditional 
type of laboratory work should give way, with this type of text, to appro- 
priate laboratory exercises as furnished by the author’s Field and Labora- 
tory Manual in Biology. 

There is far too much material in the text for a year of biology. There is 
the danger that this may be confusing to some teachers, especially if 
inexperienced. The evident advantage of having a large amount of material 
lies in the fact that it permits a selection to suit the needs occasioned by 
local conditions. 

The author gives a summary at the end of each chapter which is in reality 
a list of desirable understandings the development of which should be the 
aim of the teacher. 522 “problems” at the end of the different chapters are 
exercises and thought questions which depend upon the text indirectly for 
solution and tend particularly to test the pupil’s powers of generalization. 

There are seven major divisions of the text, namely, Taxonomy, Distri- 
butional Biology, Morphology, Physiology, Genetics, Ecology, and Be- 
havior. At the end of a division there are directions for review, a state- 
ment of the main desirable understandings of the division and an extensive 
list of references. 

This book should prove of definite value in shaping courses in biological 
science in the high schools in such a way that they will tend to become live 


studies of life. 
JEROME ISENBARGER 


Sound, by Floyd Rowe Watson, Professor of Experimental Physics, 
University of Illinois, and Editor of Journal, Acoustical Society of Amer- 
ica. Cloth. Pages ix+219. 14.523 cm. 1935. John Wiley and Sons, 
Inc., 440 Fourth Avenue, New York, N. Y. Price $2.50, plus postage. 
This textbook by Dr. Watson will be welcomed by many colleges and 

universities because there is a dearth of books in this field. It provides the 

subject matter for a two- or three-hour course in sound suitable for under- 
graduate classes. The early chapters contain a very satisfactory discussion 
of the concepts of simple harmonic motion and of stationary waves. Re- 
flection, refraction, and interference of sound follow. Chapters on the Dop- 
pler effect and diffraction of sound complete the more theoretical parts of 
the book. Chapters ten to twelve are devoted to application of the theory 
to the vibrations of organ pipes, strings, and bells. The discussion of the 
physical basis of musical scales and of musical sounds completes another 
natural division of the subject. The chapters on Speech and Hearing, and 
on the Acoustics of Rooms contain much material not previously available 
in textbooks. Velocity of Waves, Energy of Sound, Reflection, Absorption, 
and Transmission of Sound, Resonance and Resonators are given sufficient 
treatment for all ordinary uses. The final section of the book contains 
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